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THE 


'CROSCCPIC ALGAE iN THE HARD CORAL 
COMMUNITIES"! 


GREGORIO T. VELASQUEZ? 
University of the Philippines 
Quezon City 


ABSTRACT 


Four better known claves of the microscopic algae are represznted in the 
study, namely: Myxophycsae, Rhodophyceas, Chiorophyceae, and Phacophycexe, in 
that order of abundance and number of species (Sec Tabte 1). Representative samples of 
Tard corals and edible fishes frequenting and ос living in the coral communities are col- 
lected and with the algae were studied ant represented in photographs. (Figures 1а and 
v. 


"The discussion centers on the significant role of the algae with which the other 
minute organisms in the corals wore included and analyzed to explain the transfer of 
energy in the tophic kwel of food forms involved through the physio-bjochemical 
processes Such is a special activity in a complex rocyeling. A brief presentation of 
some selected background work with relevance to the research is reviewed, 


Goggles casy to use in diving and improvised bows and arrows suited together 
10 catch the fishes in the corale ore suggested for distribution freely. It should 
introduce a practical and least expensive rural technology in faraway places generally 
moch neglected, 


INTRODUCTION 
After more than three decades with the experience of the author to 


study the benthic marine algae of the Philippines from 1946 to the present, 
Frontispiece to shows the 12 stations studied, it was thought to be advisable. 


The report is based on a simile esearch at Puerto Galera, Oriental Mindoro, 
site of the Marine Biological Station of the University of the Philippines. The two 
subsequent progress reports, оге ot Tacloban City and Vicinitics, 1978 and the second 
at обо City and Vieinities, 1979 furnishing mere materials of study to complete the 
investigation. The financial support was giren by the Office of the Research Coordi 
nation, University of the Philippines at Quezon City. 

Professor Emeritus of Botany and Special Lecturer in Marine Sciences, Grad- 
uate School of the University. 
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to make an additional study of finally the microscopic algae associated 
with the hard coral communities. It is indeed noteworthy to consider the 
food relationship of these algae to the fishes, and other organisms in the 
corals. There are several coral communities observed growing in the deeper 
littoral zones towards the fringes of many continental shelves where plenty 
of fishes ore usually observed to be present. The other coral communities 
generally have very much less fishes or sometimes none at ай. 


One of the major causes of fish abundance in the hard coral commu- 
nities which should attract them is undoubtedly the presence of food. At 
large including man the vast majority of the organisms in nature have been 
virtually attracted to food. Although usually out of many observations only 
around three or four coral communities out of several communities in an 
area would show the presence of fish abundance. Another possible cause 
of similar attraction is the behavioral response of some fishes towards the 
corals which is a problem left to be studied and solved by the psychologist, 
ehthyologist, and more likely the ecologist interested in the behavioral 


sciences. 
‘OBJECTIVES 


1. To study the taxonomy of the microscopic algae, the hard corals 
and the fishes attracted to these corals in the Philippines. 


2 Later, and as early as possible, to study the other associated 
microscopic organisms which should include the delicate phytoplankton 
and zooplankton before their extinction from the effects of pollution. 


3. Extend similar studies in other parts of the country to include the 
observations before the submission of the final terminal report. 


4. And finally, to recommend the results of the investigation as an 
additional approach at large to the increase of marine fish production 
suited to the eco-social conditions of the poor natives living along the 
remote seacoasts. 


FIELD TRIPS 


During the past three years, three separate regions have been visited, 
namely: The University of the Philippines Marine Biclogical Station at 
Puerto Galera, 1977; Tacloban City, the site of the Junior College of the 
University of the Philippines, 1978; and Пойо City, another site of a Junior 
College of the University, 1979. Figures 2, 3 and 4. As much as possible 
collection of the hard corals and fishes observed to be staying in the coral 
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communities were made in the deeper littoral zones. The Department of 
Zoology, College of Arts and Sciences of the University and the Bureau of 
Fisheries and Aquatic Resources were requested for their cooperation to 
identify the corals and fishes, respectively. 


The observations and results of the research at Puerto Galera, 1977 
(Figure la aad b) were utilized as the main reference of the two subsequent 
reports, one at Tacloban City and Vicinities, 1978 and the other at Holo 
City and Vicinities, 1979. (See Figures 3 and 4, respectively). 


For almost а quarter cf the present century from 1946, at least 
12 major field trips were made in collecting and studying the benthic 
marine algae. Each collection lasted from 5 days or more during the low 
tide periods in each of the 12 stations. ft was observed that the different 
locations represent the general distribution of the harê corals which form 
communities. The west waters of the South China Sea and the East Pacific 
Ocean are traversed by many stas crossing the country to form virtually а 
continuous eco-system where many of the corals and the edible fishes are 
interrelated and form similar species in 2 common environment, Frontis- 
piece. 


The Definite Localities of Field Trips. Since the investigation is a new 
approach to research in the Philippines, it was necessary that the first 
locality to be studied is at Puerto Galera, Oriental Mindoro where the 
writer had sufficient experience during at least fifteen years of summer 
classes in the site of the Marine Biological Station of the University. The 
observation of hard coral communities and the fishes swimming in and 
around the corals were usually a special attraction to the students during 
the field trips. The first study therefore of the microscopic algee in the hard 
coral communities and the edible fishes attracted by them was made and 
used as the basic reference of the two subsequent pattems of investigation. 
Separate samples of hard corals in the communities and fishes in these 
communities are shown in photographs, Figures 1a and b. The table on 
page 6 В an enumeration of the microscopic algae observed in the coral 
communities, their general relative amount of growth is shown as x X x 
abundant, x x average and x гаг. 


INVESTIGATION AND DISCUSSION 


Field trips were done seaward of the deeper zones where the fishes 
are generally observed to frequent the hard coral communities. Studies in 
the field and laboratory undoubtedly revealed that several fishes seen and 
caught in the corals besides being attracted by many other factors must 
primarily be induced by the avalable food. If this is true, from what major 
sources should the food come from? 
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The vegetarian fishes such as the siganids and the parrot fishes are 
known to depend for their food from submerged plants including the soft 
algae by nibbling or grasping the surface of the plant body before swallow- 
ing them in fragmentary forms. The microscopic algae growing in the corals 
are easily nibled piece by piece although ia several instances there ore forms 
swallowed wholly with the unicellular organisms before reaching the digestive 
tract. Оп the other hand, the diatoms together with the various planktonic 
organisms passed through the gH slits leading to pouches and depository 
pockets of some fishes before they join as parts of the other food 
fragments swallowed by the fish. The non-vegetarian fishes also in the 
corals obtained their food from the complex processes which will be 
discussed later. 


Past investigations local and abroad revealed only very limited refer 
ences in the fish productivity of the hard coral communities. And yet 
statistics would reveal that 10% of the world consumption of fish thrive in 
the corals. The location of the Philippines in the tropics and its 
wmoswalumique geographical distribution composed of seven thousand and 
опе hundred islands have formed naturally several seas and other smaller 
bodies of marine water arcas where the fishes are abundant throughout the 
year. The temperature generally does not differ very much during the year 
"within the average limit of 5°C in the surrounding waters. 


On the other hand, very few papers if any of the investigations on 
corals have included the microscopic alae in these corals as parts of the 
study. The majority of the other studies on the marine benthic algae would 
include only the more conspicuous species for taxonomy. Many other algae 
inhabiting the corals are too small to attract or to be seen by the 
taxonomíst during the collections. 


L. Bgerod, 1971 and 1974, in her algal studies reported in Phycologia 
and Botanica Marina were included some microscopic algae living in the 
hard corals without any mention of their relationship. The two publications 
were limited to taxonomy. D. Squiles in Mature, 1964, cmphasized preda- 
tors biting and rasping the tips and polyps of the corals which include the 
associated microscopic algae. The report made mention ому of some 
correlations between the species of fish and the types of corals, S. Brawlex, 
et al, 1977 limited their work by indicating only the heavy grazing of 
fishes towards the peripheral portions of many coral communities One 
would incline to guess that such grazing could be attracted by the micro- 
scopic algae. 
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Assimilation efficiency of its food in a vegetarian fish, Siganus spinus 
was studied by Bryan in 1975. Muscatine on the other hand studied in 
1969 the photosynthetic products of zooxanthellee in the cord polyps. 
The same author observed the symbiotic relationship of the algae and some 
lower invertebrates. There was none available where the algae were revealed 
to be playing the primordial role in the formation of food compounds as 
major attraction to the fishes. Finally, Alcala in his work on the aspects of 
the coral reefs in Sumilon Island observed several edible fishes but there 
was no mention of the microscopic algae living in the corals. 


The algae as it is true with the higher plants manufacturing their food 
in photosynthesis consequently accumulate the energy of the sun in various 
food compounds which become available in many ways to other organisms. 
The abundance of the blue-green algae has shown undoubtedly to be 
primordially significant in the food chain complex of the different orpan- 
isms thriving in the coral communities. They are usually the first seers of a 
barren habitat by virtue of being very simple and ubiquitous organisms. 
The vegetarian fishes feeding directly from the microscopic algae function 
normally in their metabolism which they need for growth while the other 
fishes which are not herbivours might in ooe way ot the other survived in 
the coral communities intimately in the presence of other organisms. 
Therefore, the presence of the blue-green algae caused the other organisms 
including the microscopic animals to live together in the coral communities, 
Jt is bio mutzitive activity of the complex recycling processess taking place 
in the relationships of trophic levels among the organisms in the coral 
environment. This interdependence of the various organisms during their 
metabolic activities shall need more detailed research. Tt gives an opportu- 
nity to the zoologist and biochemist to participate in the now investigation 
in order to bring about a more equitable solution in the present investiga- 
tion, 


Recent informations have been known of the artificial corals dropped 
їп the shallower parts of the continental shelf in Taiwan which was 
observed later to be the favorite habitat of several edible fishes. Similarly in 
Malaysia, the old tires of motor vehicles dropped in the seaward area of the 
deeper littoral zones attracted also the fishes after two or three years. The 
fishes are observed also and equally abundant in the immediate vieinities of 
the sunken tires. With closely related observations, R. Tsuda revealed in 
1974 a study of the algal growth succession on the artificial reefs in а 
marine lagoon at Guam. Evidently, similar succession of growth in the 
ecology of microscopic algae in Taiwan and Malaysia was observed where 
tie blue-green algae undoubtedly must have played a significant role. The 
edible fishes in both Taiwan and Malaysia supplemented at least 10% of the 
fish food of the poor people in the rural areas along the seacoasts, 
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There ше many other possible localities where similar investigations 


сап be done. As shown in the Frontispiece not less than twelve easily 
accessible sites in the Philippines had been observed by the author which 
show similar coral populations. The country due to its geographical forma- 
tion is typically composed of definitely very poor rural areas. It is these 
places where the people along the shores must depend upon the edible 
fishes caught in the corals. 


10. 
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тәме 1. The microscope elgee living in the corals carefully detached and studied to 
represent the prepoderence of the algae in the majority of hard coral communities. 


ALGAE Rhodophyta 


Lyngbya martensiana 
Spirulina major. 
L confervoides 
Cadophora 
Polysiphonia 
Herposiphonie 
Zoochorelta 
Schizothrix 
Ceramium 
Gleoetrichia 
Oscfliatoria 
Bonnemelzonit 
Oscillatoria pp. 
Lyngbya spp. 
Bryopsis 
Gelidiella acerosa 
Sphacelaria mucifera 
Ectocarpus 
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Figure 2. Map of Puerto Calera, Oriental Mindoro where the original study of the microscopic 
algae and the hard coral communities was cpie, 1977. The Study was the reference investigation of the 
other regions. 
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Figure 3. Map to show Tacloban City, im part. First in а series where the 
microscopic algae and the hard coral communities was studied, 1978. 
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SIM MILK.COAGULATING ACTIVITIES OF ENZYMES 
PRODUCED BY PHYCOMYCETOUS FUNGI* 


NATIVIDAD DIOKNOPALO**, MACARIO A. PALO 
LOURDES F. CUNANAN and PATROCINIO S, SANTOS 


National Insitute of Science and Technology. Manila 


ABSTRACT 


Ал exploration of local Phycomycotous fongi flora was conducted, to discover 
species or strains capable of syntheszimg potent milkcctotting enzyme that can be 
utilized as з substitute for calfs rennet in cheese making from cows mill Of the sixty 
soven isolates of saprophytic Phy comyeeteus fungi belonging to genera RAiropus, Mucor 
and Cuninghamells some strains had already been found to produce mik-clotting 
enzymes. These strains arc capable of clotting skim milk in suitable concentrations of 
сай ions in 4 to 10 minutes. 


INTRODUCTION 


The mill-coagulating preparation known among the cheese makers as 
rennet consists chiefly of rennin, the enzyme that causes curdling of milk. It 
is normally obtained from the fourth stomach of a suckling calf of a cow. In 
the recent past the supply of tennct for cheese making could not cope with 
the rising demand for cheese by the rapidly increasing numbers of cheese 
consumers. To solve the shortage of rennet by obviating the skughtering of 
costly calves, many scientific investigators explored the living universe of 
plants, animals, fungi and bacteria for potential source of enzymes capable of 
curdling milk 


‘The exploration of microbial world for sources of milk-clotting 
enzymes was intensified during the post eight years primarily by Japanese 
investigators'-S and secondarily by American and European researchers 1 
FThisisvestiotion, designated NRCP Project No, LGS was supported by gramsin-sid af 

the National Research Council of the Phüppioes ала was undertaken in the BRC Labo- 


Zatory with die gracious permission of the Commissioner, National Institute of Science 
and Technology. NSOB. Mania. 


++то whum conespandence is to be directed. 
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who showed that microorganisms producing enzymes with milk-clotting 
properties varied from minute bacteria to macroscopic mushrooms. 


Th present investigation on microbial source of milt-congulating 
enzymes was inspired by the work of Arima and Iwasaki! who showed that a 
Phycomycete mold Mucor pussifies Lindt. possessed a potent milk clotting 
enzyme for cheese making experiments. 


This work aims to screen different species of fungi, both local and 
foreign species, for а possible milk-clotting activity. The microbial explora- 
tion will center chiefly on saprophytic molds belonging to class Phycomy- 
cetes, a group of fungi with typically unssgmented, vegetative structure. 


MATERIALS AND METHODS 


Collection of mold-bearing materials. — Mold-bearing samples consisting 
of сой from rhizosphere of cereal grass, rotting fruits, decomposing garbage, 
tradi and manures, compost, deteriorating plant poris, spoiled foods and 
vegetables, were collected from different markets in Metro Manila, Rizal, 
Laguna and Batangas provinces. These are used as materials from which the 
rennet producing strains were isolated. The molds were induced to grow 
vigorously, sporulate by placing portions of the mold beating samples in 
sterilized culture plates lined inside with sterile moist filter paper. With the 
distinct features of the forms of Phycomycetes it was not difficult to 
recognize the mokis belonging to this croup by the characteristic growth and 
appearance of their vegetative and fruiting structures as revealed under the 
microscope. 


Isolation of the mokis in pure culture. — Isolation of the mold was 
done by streaking loopfuls of the spore suspension in sterile water on suitable 
solidified potato-dxtrose agar medium in sterile plates. Another method is 
by pourplate dilution of the spore suspension in culture plates containing 
similar medium. Transfers were made after an incubation of two days from 
uncontaminated, vigorously growing colony into test tube agar slants. 


Cultivation of the molds in suitable solid organic substrate. — Among 
the different solid organic substrates that had been tried in cultivating the 
molds, copra meal was found to be fairly satisfactory. Its purpose is to 
stimulate them to produce larger concentration of the potent millcclotting. 
enzyme. As substrate it could be completely permeated by the mold mycelia 
and transformed into а coherent cake-like material in 3 days, 


Preparation of the enzyme extract. — The fungi impregnated copra 
meal substrate was sliced into smaller pisces. A volume of 175 ml sterile tap 
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water was poured into flask computed to make a 10%enzyme extract. The 
molded mass was sliced under submerged conditions with tke aid of an 
improved long stemmed spatula, The mixture was transferred into an 
electrically operated Waring Blendor wherein it was comminuted and 
homogenized to attain maximum extraction of the water soluble enzyme. 
After straining it through thick cheese cloth the filtrate was further clarified 
by centrifugation with the International Centrifuge at more than 2,000 rpm. 
for 15 min to separate the solid particles. 


Precipitation of the crude enzyme by salting out with ammonium 
sulfate, — The crude enzyme was easily precipitated by salting-out with 
ammonium sulfate. Some watermiscible organic solvents like methanol, 
ethanol and acetone had been wied as precipitants, None of them could 
produce an amount of precipitate as large as that obtained by ammonium 
sulfate treatment. Precipitation was enhanced by subjecting ammonium 
sulfate treated extracts to low temperature (5-10*C). Six grams of ammonium 
sulfate was added to 10 ml of the enzyme extract, The precipitate containing 
the enzyme was separated by centrifugation at 4,000 rpm for 25 minutes. [t 
is then dissolved immediately in 10 ml water. One ml of the enzyme solution. 
in this case, represents 1/2% of the enzyme extract obtained from a 3-day old 
culture of the mold in a 20 g sample of the copra meal substrate, 


Method of assaying for mitk-clotting activity. — The milk-clotting 
activity of the crude enzyme was determined by using the modified Berridge 
method, It is done by mixing, ] ml of the enzyme solution produced by 
different mold strain with 10 ml of the test substrate consisting of 10% cow's 
skim mik powder fortified with CaCl,2,0 of known molarity, and 
pasteurized at 65°C for 1 hour. The mixtures Were kept at room temperature 
and at 45-50°С. The time of the formation of the curd fragments was 
mensured with the aid of a stop watch. One unit of enzyme activity was taken 
Хо be that which clotted 10 ml of milk in 10 minutes, 


Four trials wore made in the determination of milk-clotting activities of 
the skim mili solution with different calcium (from CaL; 21,0) concentra- 
tion namely , 0.01 M, 0.05 М and 0.001 M at various temperatures. This was 
done to know the effect of calcium on millcclotting activity of the crude 

extract 


RESULTS AND DISCUSSION 


ven Phycomycttous fungi isolates were screened for milk 
clotting activity. Those that produced inappreciable amount of precipitate 
when salted out with ammonium sulfate were discarded. Seventeen were 
found to produce substantial amounts of the enzyme precipitate after 
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treatment with (NH,))SO,, These were the isolates used in succeeding tests 
for milk-clotting activities (Table 1). [t will be noticed that out of 17 mold 
isolates tested, B415, M-4, MIS, R-107 and 1062 appear to be 
promising. А camora-ucida drawings of the 3 of them were shown in figures 
1, Zand 3. The 5 promising isolates mentioned above were cultivated at room 
temperature (27.32 C) in сорга meal substrate wherein complete permeation 
of the mold myectia could be seen after 72 hours of incubation (Fir. 5). The 
enzyme solutions prepared from these promising isolates, except for the 
isolate R-107, cause curdling of milk io only 4 to 10 min at room tempe- 
mature and 3 to 13 min at 45-50°C, 


As ean be scen from table 1, 16 isolates produced clotting activity in all 
Ca™ concentrations tried at room temperature, but at a higher temperature 
several isolates did not clot the moll: with 0.05M and 0,001 M CaCl.2H;0. 
Isolate R-108 gave a poor clotting activity when it showed a much delayed 
clotting timc (244 min) in tubes containing 0.01 M Ca** concentration at 
45-50°С and its failure to clot milk with the different Ca" concentration 
Wicd at room temperature. 


Influence of Ca** concentrations namely; 0.0131, 0.05M and 0.00184 
by referring to table J, shows that milclotting activity of the mold enzymes 
increased with increasing concentrations of the Ca**, Shorter clotting in skim 
milk solutions with high molarity were produced than thuss with lower 
molarity of CaClg. 2110. The results shawn in table 1 served to verify the 
findings of Iwasaki and Arima? and Kawai and Mukai that the presence of 
Ca** in a skim milk solutions accelerate the mill: clotting activities of the 
microbial rennet, 


At room temperature (27-32°С) the formation of curd was observed in 
almost all skim milk solutions to be slow. Very few (only the $ promising 
strains) curdled at a shorter time. At 45-50°C, curdling was noticed in tubes 
containing QOIM СаС1;.2И20 to be very fast (except for R-108), Close 
examinations of the data in table 1 shows thot milk-clotting were, in many 
inhibited at 45-50°C where the concentrations of Ca** wore Lower than. 
0.014 Ссі, 211,0 


While shortness of clotting time could be an index of greater 
milkclotting activity, this alone would not make a good criterion for active 
milk clotting strains, The milkclotting activity is also measured by the 
firmness and the consistency of the curd, by the degree of peptonization, іс 
digestion of the curd by the proteolytic ferments into а soluble and diffusible 
substance, chiefly, peptone,; by the amount of the whey produced or the 
balance between mill«clotting activity and proteolytic activity. The mik- 
clotting activities of all the mold strains tested (table 1) had been vbserved in 
close association with proteolytic activity. This phenomenon is not mew, 
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There was a previous attempt to prove that this 2 associated activities observed 
in rennet were 2 distinct enzymes or 2 functions of only | enzyme. № 
general agreement was reached on this question. Nevertheless, Arima and 
Iwasaki“ observed that nearly all proteolytic enzymes are able to curdle milk. 


in cheese manufacturing the use of fungi strains that produce 
milk-clotting enzymes with higher proteolytic power is objectionable, [t is 
believed that they always yield cheese products with soft texture and 
objectionable flavor and taste, The desirable fungi strains are those that 
produce a large concentration of the enzymes with potent milkcoagulating 
property and weak proteolytic activity. The 5 mold isolates, В-415, M-14, 
M-15, R-106-2 and R-107 which were found in screcning tests to be promising 
шо to be studied further. Оле or 2 with superior, stable features will be 
selected for use in cheese manufacture from animal milk. 


CONCLUSION 


‘The study shows that the exploration of cur local microflora is 
worthwhile continuing. It is not only а means of unearthing fungi capable of 
producing enzymes with excellent miliclotting properties for use in cheese 
manufacture, but also a way of discovering superior fungi strains that can be 
harnessed to produce substances of great economic or industrial value, 
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‘Table 1, A Clotting Activities of Enaymes Produced by Phycomycetons Fungi 


MILE-CLOTTING ACTIVITY (Average of 4 пићу 


1n 107 ekim йк Atroom 
ISOLATE ^ 
А GENERA — solutions with increasing temperature 4g Abe, 
Морев. molarity oF CxC12.201,0 (тз 4950 
D Minutes Мшез 
B415 Rhizopus 0001 M o o 
005 М 4 10 
ом м 4 10 
ва16 Mucor 001M n ° 
005 M ЕЯ Й 
ой X 0 1 
DEI Mucor олом ш o 
005 M 19 n 
001 м » 2 
БП Mucor боом 48 o 
005 M 4s 2 
оо м 9 9 
4I9 Mucor оом м 162 0 
008 м 120 0 
ШЕ] 45 % 
ba) Mucor 0401 м E 55 
005 м 45 E 
001 40 16 
03011 Юша 000M 29 o 
ов N m o 
олом пз ө 
12002 Маг 0.091 м E o 
005 M "m 0 
001 м D з 
м2 Mucor поо st 96 as 
subitis 005 M m 
ims 001 M 36 16 
мая Rhizopus бм 10 4 
005 M 8 4 
oot M 4 4 
маз Rhizopus GODIN 1 5 
Niveus боз M 6 5 
ой м 4 3 
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‘Table 1: МНЕ Clorting Activities of Enzymes Produced by Phycomycetons Fungi 


MILK CLOTTING ACTIVITY (average of 4 trials) 


їп 105 skim milk Atoom At 
ISOLATED сарва Solutions with increasing temperature 4550€ 
NUMBER тошау 0ГС3С15290 (2732C) 
мав Rhizopus ОМ ss 0 
пою 995 M ss 0 
оол м 2 5 
Rios Cummine 0001M 14 E 
hamel 005 M м 15 
ool M 14 + 
21061 Мисо 0000 M 122 Й 
005 М за E] 
ош м 2 31 
R1062 Cunning» — 00013 5 to 
fame O05 M à 10 
эш м 4 10 
мо Rhizopus 0001 s 13 
05 M 66 12 
КЕ] 46 7 
R103 Rhizopus дэм ° ° 
00 м a 0 
КЕ ° 244 


* By б minute ~ no clotting was observed 


1084 Palo et al: Skim Milk-Congulating Activities of Enzymes 145 


ILLUSTRATIONS 


The photomicrographs and photographs by Mz. Ricardo Marquez, 
Technical photographer, Division of Documentation, NIST-NSDB. 


PLATE 1 


Figure 1. Camera—lucida drawings of а lhycomycetous fungi. Isolate no. 
R-106-2 (Cumninghamells} approximately X175. Note the fruiting 
structure with central or primary conidiophores which have 
developed terminal spore heads upon which form globose conidia, 
The lateral branches of the conidiophorcs occur singly and form 
whorl terminating into vesicles covered with conidia, 


Figure2. Photograph of a camerstucila drawings of an algae fangi. Isolate 
по. 107 (Rhizopus) approximately X175 from а 48-hour old 
plate culture on potato-dextrose agar. This is another fungi that can 
cause clotting of cow's milk in 4 to 10 minutes at 45 to 50°С. The 
picture shows: 

з) пром 

B) sporanziophoce 

c) sporangium 

d) ruptured sporangium wail 
e) columella 

0 collareue 

B) spoxangiospores 


PLATE 2 
Figure 3. Photographs of a cameraclucida drawing of another hycomycetous. 
fungi Isolate по. B-415 (Rhizopus) showing the development of 
the fruiting structure (sporangiophores) and sporangia and the 


rhizoids. 


Figure 4. 


clotting activity of the five promising mold isolates. The 
enzyme prepared from thom clotted the skim milk solution 
fortified with M/100 CsCL, 2150 in 4 to 10 min at 45 to 50°С. 


Figure 5. Five isolates cultivated in copra meal substrate for 72 hr, В-415, 
№-14, M-15, R-106-2 and R-107. (Note the mycelial growth of the 
mold in copra meal substrate) 
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PRODUCTION AND UTILIZATION OF TANNIN 
FROM IPIL-IPIL (Leuczena leucocephala 
(Lam) de Wir] BARKS* 


ADELINA E, MANAS** 
Forest Products and Industries Development Comision. 


ABSTRACT 


Tanains from ipirip fLeursens leucocephala (Lom) de Wig buks were 
extrocted by a 6 stage countercurrent method at 80°C with 1:8 bark to water ratio, The 
yield of extract obtained was 70.98%, based om the oven-dry weight of the row material 
‘The head liquors and washings obtained were combined amd spray-dried in the Bowen 
laboratory spray dryer. Tannin formaldehyde suhosives were prepared from the extract 
and used to bond 3-25 white bauan vencers, The panels did not delaminate in the 4hour 
cyclic boll test for Type 1 plywood of the US Commercial Standard, The audition of 
10402 phenobformaléchyde resin or $-30% resoreinolphenoMormildehyde resin 
improved the water resistance of the adhesive. Whea fortified with 40% phenotformal- 
dehyde resin, the tannin adhesive mot die requirements of the test for Туре 1 Plywood 
оГ the US Commercial Standard, With resorcinol phenolformatdehyde resin, 25% was 
found necessary for (c tannin adhesive о pase the test for type 1 Plywood of the US 
Commercial Standard. 


INTRODUCTION 
A. Scope of the Study 


This study deals with the determination of the yield and quality of 
tannin obtained by hot-water extraction of ipil-ipil [Letcaeua leucocephala 
flam} de Wit] barks taken from Catanauan, Quezon and the development of 
tannin-formaldehyde adhesive from the spray-dried extract. The effect of the 
different levels of paraformaldehyde, pH, pressing time, pressure, and the 
effect of the addition of fortifying resins on the glue shear strength of the 
tannin adhesive were investigated. 


B. Importance of the Study 


Ipibipit trees arc widely distributed in the Philippines and is presently 
being used for fuel and for reforestation. Jpitipil barks contain mare than 
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10% tannin and becaucs of the abundance of this tree species, it may be 
profitable to extract from the barks tannins, as a source of phenolic adhesive 
and for tanning of leather. 


Because of the rising cost of phenol due to the continuing increase in 
the price of ой, ipiHipil tannins may te used as an alternative source of 
phenol to lesson the cost of phenol-based adhesive. In the leather industry, 
jpikipil tannin if found suitable for tanning leather may be used as a 
Substitute for the imported mimosa tannin, 


C. Review of Literature 


Tanoing are extracted from barks by either the batch or open-vat 
system, using the countercurrent method. Several important variables that 
affect the yield and quality of tannin extracts are temperature, time of 
leaching, liquid to solids ratio, nature of solvent, particle size and number of 
batches or vats in the system. Kurth and Smooth 2 investigated the effect 
of these variables. 


Many researchers in the fleld of tannins have succeeded in formulating 
adhesive from different tannin extracts, Aseatly as 1950, Dalton? developed 
tannin-formaldehyde adhesives from 6 species including commercial wattle 
(Acacia molisima) extract and extracts from the bark of wood of Callitris 
calcaratu, C. slavca, Eucalyptus radunce, E. Grebra and F. considcuiaua, The 
adhesives produced with extracts from A. Адои, C. calcarata, C. glauca, 
and E. Grebra set at moderate temperature forming with wood strong 
water-resistant bonds. Adhesives prepared with the Lannins from A, mollisina 
and С calcarata set at room temperature to sive bonds with strength 
somewhat lower than those obtained from typical commercial adhesives but 
having water resistance superior to the сой хет ures-formaldehyde adhesives. 
Brandt! developed plywood adhesive from mangrove tennin extracts, 
‘Thermo-tetting tannin adhesives from quebracho and wattle were also 
formulated by Knovies and Gardner® in their study on adhesive from bark 
extracts. 


Plomicy? showed that the incorporation of small proportions of various 
synthetic resins with tannin formaldehyde resin improved its bond strength, 
He fortified mangrove and wattle tannin with phenolic and resorcinol resin to 
produce plywood which gave bish shear values and wood failure, and 
withstood immersion in boiling water for 72 he giving conformity to the 
latest weather and boil proof requirement. In 1958, Narayanamurti® dis. 
covered that tannins from Bruguicra speciss are excellent materials for wood 
adhesive, In the seme year, Hertick and Bock? combined polymcthylol 
phenols with bark: extracts to produce exterior plywood type adhesive, 
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‘The effect of soluble salts in decreasing the gelation time of wattle and 
mangrove tannin solutions with formaldehyde was reported in 195910. 
Improved bond quality was obtained when S% of manganese acetate was 
added to a wattle tannin adhesive. 


Nilis and Urbcch!? used eatechin as а model compound to study the 
tannin-formatdchyde reaction. The sudy of the reaction of mangrove and 
wattle-polyphenols with formaldehyde at various pH and under different 
conditions of temperature and time were also undertaken! 7. They concluded 
that formaldchyde uptake at pH В and 100°C in 3 hrs gave a better 
indication of the efficiency of polyphenol as on adhesive than did the 
determination of Stiasny poly phenols. 


Herriek and Conca! developed а cold-setting adhesive of high strength 
by combining the spray-lcied sodiam salt of an ammonia extract of Western 
hemlock bark with resorcino formaldehyde resin and additional formalde 
hyde 


Tannin resins derived from black wattle tannins have been used 
commercially in Australia, since 196314. jt is understood that production has 
increased substantially since then. [n 196615 a report was made on studies of 
physical and chemical properties of wattle-tannin adhesives. 


Chestnut wood tannin extract was used commercially ia Malaysia in 
1973 when there were a shortage of phenol because of the oil crisis!®. 
Norsechem, a joint venture between Malaysian and Norwegian groups, which 
produces synthetic urcaformaidehyde, phenol-formaidehyde and other adhe- 
sive resins for the wood working industry, introduced a pheno!-formaldehyde 
resin modified with chestnut wood tannin extract for the plywood industry. 
"The chestnut tannin extract chemically replaced part of the phenol up to 50 
percent with satisfactory recults in phenolic glue manufacture. 


D. Objectives of the Study 


The objectives of this study are to prepare quality tannin extracts from 
ipitipit barks and develop a tannin-formaldchy de adhesive from the extracts 
for plywood manufacture. 


E, Time and Place of Sauly 


This study was undertaken at FORPRIDECOM, NSDB, College Laguna 
from Dzeember 1975 to Janvary 1977. 
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Materials. 


1. Ipitipil barks obtained from Catanauan, Quezon were airdried, 
chipped and ground io the Wiley mill to pass a 10-mesh screen, 
2. Test panels 
31 cm x 15.2 em x 15.2 om white kuan veneers for faces and 
cores. 


The panels or veneers were selected according to the straightness of 
their grain. The moisture content of the vencers was about 9 percent 


Methods: 


Analysis of bark: The bark was analyzed for tannin content. using the 
ALCA method and the method of Stizsay. 


Laboratory-Scale Extraction. The temperature employed was а conti 
muous six-stage countercurrent process as described in technical Note No. 
12017. The temperature of extraction was 80°C with bark to water ration of 
1:8. A definite amount of ipilipil bark (600 g} was placed in cach of 6-4 Jiter 
beakers and water was placed in the first beaker. The beaker was placed in a 
water bath maintained at 60 °C, for one hour with constant stirring. After 
опе hour, the tannin liquor was drawnfoff the first beaker and fresh water 
was added to the partially spent material and the extraction repeated. At the 
end of the hour, the extract was drawa off the first beaker and fresh water 
маз added to the partially spent material and the extraction repeated. At the 
end of the hour the extract was drawn off from the first beaker for extraction 
Р the fresh material in the second beaker. Fresh water was again added to the 
first beaker and the extraction repeated until there were 6 units in operation. 


The sixstage countercurrent method was repeated ший three batches 
of lead liquors were collected. The first batch of spent materials with six 
solvent-treatments was removed from the system. 


Analysis of the Spent Barks and Head Liquors. The spent materials 
were air-dried and ground in the Wiley mill to pass а lO-mesh screen. These 
were analyzed for total solids, soluble and insoluble solids, tannins and 
moretanins in accordance with the procedure of the American Leather 
Chemists Association. The Stiasny number was determined. The head liquors 
were analyzed using the same procedure. 


Stiasny Method of Tamin Determination. In а 250 ml. Erlenmeyer 
flask fitted with а reflax condenser, 50 ml. of tanio solution, 5 ml. of 
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concentrated hydrochloric acid and 10 mi. of formaldchyde solotion (37% by 
weight) were mixed. The mixture was boiled for 30 minutes and filtered 
while hot through а weighed glass filter erucible with a pore size of 2030 
microns. The precipitate was washed with 200 ml of hot water and dried to 
constant weight at 100-105°С. 


Spray-drving of the Extract. The combined head liquors and washings 
wert spray-dried in the Bowen laboratory spray dryer with inlet temperature 
of 149°C and outlet temperature of 93°C. The rate of drying was 3.18 Vr. 


Preparation of the Glue Mixture 
А. With отуде proportion of paraformatdehvde 


Twenty grams spray-dried ipibipit extract (MLC 6.5555) wore mixed 
with 20 ml water and 1 gm coconut shell flour. Paraformaldehyde (varied at 
5-20% of the weight of tannin) was added to mixture and the mixture applied 
on white lavan veneers. 


B. At different pH 

Twenty grams spray dried ўт 4р? tannin were mixed with 20 ml of 
water. Varying amounts of 20% NaOH soln. were added to adjust the pH of 
the extract t0 6, 7, 8, and 9. Coconut shell four (1 gm) and paraformal- 
dehyde (10% of the dey tannin) were added to cach mixture at different pll. 
The glue was applied on white fave» veneers. 


C. Ar different pressures. 

Twenty grams of tannin extract were mixed with 20 ml water. Coconut 
shell flour (1 2) and paraformaldehyde {1 g) were added to the tannin extract 
The adhesive was applied om white Jman veneers and the assembly were 
pressed at different pressures. (8.79, 10.55 and 12.30 kelsq cm) for 10 
minutes, 


D. With phenokfomialdchyde resin as fortifier 

Twenty grams tannin extract were mixed with 20 ml water. To this, 
ware added varying proportions of phenoMormaldehyde resin (5. 10, 15, 20, 
25, 30, 35, and 40% of the weight of tannin). Coconut shell flour (1 g) and 
paraformaldehyde (1 g} were added to the tannin extract, The adhesive was 
applied on white daman veneers. 


E. With different pressing time 
Twenty grams tannin extract were mixed with 20 ml water and 1% 
phenobformaldehyde resin weighing 10% of the tannin content was adiled. 
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Coconut shell flour (I g) and paraformaldehyde (1 g) were added to the 
mixture. The adhesive was applied on white fan veneers. Each assembly 
жаз pressed at a different period of time (2,4,6,8, & 10 min), 


F. With resorcinol phenol formaldehyde resin as fortifier 


‘Twenty grams tannin extract were mixed with 20 ml water and varying 
proportions of resorciaol-phenol оллајёсћуйе resin (5, 10, 15, 20, 25, and 
30% of the tannin content) were added to the extract. Coconut shell fiour (1 
E) and paraformaldehyde (1 g) were added to the mixture, The adhesive was 
applied on white lun veneers. 


Preparation of Phenol-Formoktehyde Resia 


Риспо formaldehyde resin was prepared in the laboratory following the 
procedure of Plomley!8. Phenot was reacted with formaldehyde in the molar 
tatio of 1:15 with sodium hydroxide as catalyst. The initial concentration of 
NaOH was 2% of the weight of phenol but this was increased during the 
course of the reaction to 5% in order to keep the resin in solution. 


The materials were reacted together at 85°C under a reflux condenser 
with constant stirring. The reaction time was $% hr. After scation, the resin 
was colled to room temperature and sodium hydroxide was added to bring 
the NaOH content to 6.27% based on the resin solids 


Preparation of Resorcinol.PhenolFormsidehyde Resin 


The method of Plomley!® was used in the preparation of resorcinol. 
phenol formaldehyde resin. One mole phenol was mixed with one mole of 
Formaklehyde (37% solution) and NaOH catalysts was added. The mixture was 
further heated at 90°C for 40 min after which it was cooled to ambient 
temperature as rapidly as possible. 


Preparation of test рап 


The adhesive mixture was applied on both sides of the core veneer 
with а brush. The amount of spread was 20 g of the adhesive mixture per 
0.093 sq m single glue line. The facc and core veneers were assembled with 
their grains at right angles to each other. The assembly was allowed to stand 
for 1 hr before the application of pressure. Each panel was pressed for I0 min 
at 160°C under a pressure of 12.30 kg/sq cm (175 psi), 


The panels were conditioned for i week before testing for gluc line 
shear strength by the standard procedure, 
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Evaluation of Bond Strength 


Shear test — The shear test specimens were cut ftom the test panels 
according to the procedure of the U.S. Commercial Standard for Hardwood 
Plywood (CS35-11)/9. The shear tests were conducted using the Reitble 
plywood shear testing machine, the rate of loading ranging from 272.7-295.4 
g/min, 


Water resistance test — То test whether the gluc line was weakened by 
water, the test for water resistance for Type H plywood of the Japanese 
Export Standard? was used. Four test speciments taken ont of cach test 
piece were submerged in hot water at a temperature of 63°C {+ 3°C Mor a 
period of 3 hr. The specimens were then soaked in water. While the specimens 
‘wore wet the shear test was conducted. 


Cyclic Бой test — For the tannin-formakdehyde adhesive fortified with 
phenol-formaldchyde adhesive and resorcinol-phenol formaldehyde adhesive, 
the cyclic Бой test of the American Commercial Standard for hardwood 
plywood was applied. The shear specimens were boiled in water for 4 hr and 
then dried for 20 hr at a temperature 63°C (+ 3°С). These were boiled again 
for 4 hr, cooled in water, and subjected while wet to the shear test. 

RESULTS AND DISCUSSION 
Results 


Table 1 shows the tannin analysis of ipi pif barks. 
Table 2 shows the tannin analysis of the spent ipilipi! barks. 


Table 3 shows the yield of extract obtained from the 6 stage 
counter current extraction at 80°C. 


Table 4 presents the tannin analysis of the head liquor. 


Table 5 gives the tannin analysis of the extract before and after 
spray-drying. 


Table 6 shows the effect of the levels of paraformaldehyde on the bond 
strength of the adhesive. 


‘Table 7 gives the effect of pH on the bond strength of dhe adhesive. 


Table 8 is a summary of the effect of pressure on the bond strength of 
ipie ipil tannin- formaldehyde adhesive. 
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Table 9 shows the effect of the addition of phenolformaldehyde resin 
оп shear strength of йрй tannin-formaldehyde adhesive. 


Table 10 shows the effect of pressing time on the bond strength of 
ipikîpiî tanninformaldchyde adhesive. 


Table 11 is a summary of the effect of pressing time on the bond 
strength of 1рїАрй tannin formaldchyde adhesive fortified with 10% 
phenol-formaldehyde resin. 


Discussion 


dpitipit bark contains more Stiasny tannins than tannins reactive with 
the hide powder. The tannin extract may be more promising as an adhesive 
rather then for the tanning of leather because the Stiasny number is 84.57 
while the tannins reactive with the hide powder is only 64.28%. The yield of 
extract obtained by extracting the tannins using а 6-stage countercurrent 
method st 30°C ranged from 68.48-73.71 based on the raw bark. The yield 
of Stiasny tannins is more than the yield of tannins reactive with the hide 
powder. The head liquor obtained had a concentration of 4.78%. There was 
very little insoluble solid material and the tan to non-tan ratio of the extract 
was 1.97:1. А good quality tannin extract should have a tan to non-tan ratio 
‘of more than J and preferably 2, 019. 


Spray-drying alversly affected the quality of the extract because the 
tan to nor-tan ratio decreased to 1.32] and the Stiany number decreased 
from 84.57 to 81.85. The decrease in tannin content may be caused by the 
high temperature during the spray-drying process. The Stiasny number of the 
extract may be comparable to the Stissoy mumber of black wattle (асас 
mollissima) tannin which is 9093. The tanninformaldchyde adhesive 
formulated from the extract of black wattle is fully water-proof and resists 
the 72-hr boil test of the Australian Standard for Plywood?”. 


In the formulation of ФЙЧРИ tannin formaldehyde adhesive, 10% 
parafonmaldehyde based on the dry tannin weight was found necessary to 
produce a good bond. 


The natural pH of the extract was at pH 5. At this pH the adhesive 
produced was rough in texture. The addition of NaOH to adjust the pH to 6 
produced an adhesive with a smooth consistency and which can easily be 
spread with a brush. The viscosity of the adhesive increased as more NaOH 
was added to adjust the pH to 7, 8 and 9. With increase in рН the usable life 
of the adhesive decrested. At pH 6, the pot life was 4% hr, at pH 7, 1 hr 40 
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min, at pH 8, 1 hr and at pH 9 only 40 min. The plywood panels delaminated 
during the wet shear test when the pH of the adhesive was 9, 


As the pressure was raised from 8.79 kgs/sqem (12Spsi) to 12.30 kgs/sq 
em (175 psi), there was an increase in glue shear strength 


Without the addition of any fortifying resin, ipilipit tannin-formal 
dehyde adhesive resisted the cyclic boil test so it is superior to the 
commercial urcaformaldehyde resin. The addition of as much as 10% 
phonolformaldchyde resin improved the water resistance of the adhesive but 
as much as 40% was found necessary to make the plywood panels pass the 
specification for type 1 plywood. With resorcino-phenol formaldehyde resin 
the minimum amount necessary to improve bond quality wis 555, but as 
much as 25% was needed to make the panels meet the requirement of the US 
Commercial Standard for type I plywood. 


fpikipil. tanninformaldehyde adhesive fortified with 10% phenobfor- 
maldchyde adhesive requires a short curing time. At 160°C, а 2min curing 
time seemed adequate. 


CONCLUSION 

The yield of tannins obtained by extracting jpitipil barks using a 
Gstage countercurrent method at 80°C was 71% based on the oven-dry 
weight of the bark. The extract had a high Stiasny number (84.57) and a tan 
to non-tan ratio of 1.97: 1. The tannin formaldehyde adhesive prepared from 
the spray-dried tannin extract exhibited gluc shear strength superior to the 
commercial urea formaldehyde resin. With addition of 40% phenolformal- 
dehyde resin or 25% resorcinokphenol formaldehyde resin the water 
resistance of the adhesive improved. It also contributed to its conformity to 
the specification for type 1 plywood (fully waterproof) of the US 
Commercial Standard. 
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Tablo 1. Tannin onatysis of р Й (Leucecne lareacephele} Bark? 


Total solids? 2354 
Soluble sols? & 22.8% 
Insoluble sade Pe 046 
Tannin, 126 
Чоплалтшт 2 1162 
Siissay Nobi 2081 
Purity 4921 


analysis by ALCA method. 
Prgures ше bared om moisture-fee bark. 


‘Table 2. Tannin Analysis of Spent Ipibipil fLeucaena Lewcocephela} barks 


Total solids D c 666 
Soluble йв. 2 650 
ost об s 016 
Noman? НЯ 
Seo 498 


analysis by ALCA method 
Figures are based on moisturo-ree bark. 


Table 3. Percent ҮМ tase on Results Obtained in Tables 4 2° 


Tota! solos 


Saluble sonas c pn 
Insoluble solids 2 ul 
Tannin c г. 
ion-tannin è E 
Sim om iis 
zem mum as 


Analysis by ALCA method. 
Figures are based on иеш Пес bark: 
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Table 4, Tannin Analysis of Head Liquors* 


Hed Head nm E 
Liquor? Liquor 2 liquor 3 = 
Total sobs’ $ E 528 456 E 
Soluble solide o c 3849 $365 9829 9687 
Insoluble solids cz їз зї 151 in 
Nontannin b 3369 3326 3092 3262 
тэтп 6480 5043 E 
Stiasny number p 3208 8625 84571 
Рану 65.79 6449 GRSI 66.29 


analysis af ALCA method. 
Figures are based on total solids, 
Based on head liquor. 


Total solids © E 100 
Soluble зоба 96.89 99.39 
Insoluble solids e зи 061 
Хал ne 4285 
Tannin % Ei 56.54 
Stiasny mumber BEI Shas 


analysis by ALCA method. 
Averages сева from tannin analysis of head liquors, tabe 3. 
©зше: ше based on total soils. 


Table 6, Effect of the Levels of Parofonnchleiysde! on Hand Strength 


Wet shear — WF 
ê Paruformstdchy ue - 
E 1143- 0 
10 181215 
з rn 
20 19750 


eegoentase weicht of dry алоіа. 
(Gluing coalitions: White Zon veneer. 3 pl 
Не spread — 490 em), pressing tine, 19 min 
pressure = 12.30 ke em 
7 sefers to percent од Баш. 
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Table 7. Effect of pH on the Bond Strexcth of the Adhesiv 


ен Dry shear- WF Wet shear WF 
[E cien em) 

E 173610 10680 

6 203620 12790 

1 14310 9980 

8 16179 11950 

E 5970 0 


Эш gluing conditions as in Table 5, 


Table 8, Effect of Pressing Pressure on Bond Strength of Femnin Formaldehyde 
Adhesive from РЕЧЬ 


Pressure Dry hese -WE Wet shear- WF 
ыба em ласт кй ст 
алә 10550 8.580 
10:55 1328-10 9.210 
1230 145219 10.550 


similar gluing conditions 3s in Table 5. 


Table 9. Bffect of Phenol Formaldehyde Resin оп Sheer Strngeh® 


SPF Dey stoart F Wet hemb WE Wet shear WF 
sesin ВР ето Kela em) sq ст) 
° 19405 16520 13149 
3 194855 15610 m 
10 154550 103655 109617 
15 162250 m 133540 
20 2284.60 1687.50 3075-25 
25 150135 1145-80 150440 
30 228460 188425 1,3843 
E 213035 18.1363 132120 
40 1952400 16.2430 1321-75 


эзипйм gluing conditons asin Table s. 
soaked for 3 h in hot water at 63°С then immersed in cold 
этет and while wet the shear test was conducted. 

Cyclic boil test - The specimens were boiled in water For 4 br and then dried for 20 hr 
at a tempzraiure of 63°C ( 37C) and then boiled in water fot 4 hr, cooled in water, 
and then subjected while wot то the shear test. 
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Toble 10, Effect of Pressing Tone on Ipitipil Ternin- Formaldehyde Adhesive? 


Time of Dry shear- WP. Wee shear WF 
Pressing КЕШ Cyclic Вой Test) 
2 mins. 162430 as 0 
A mins, 17.9330 1441-0 
Hw 1533 8 11.3225 
B mins. 151130 moa 
10 mins. 109630 1729. 4 


Similar gluing conditions as in Table 5 except for the time of pressing. 


Table 11, Affect of Resoreinol phenol formaldehyde Resin on the Bond Strength of 
Apitipil Tannin formaldehyde Adhesive 


ъ руза Wot shear WF 
Фуу ст) LE 
o 151120 844 0 
H 200425 132140 
10 14.94- 0 1265- 0 
15 лв. 5 1329.0 
20 1941.5 1230: 0 
a5 200190 150465 


3» 16.73.95 1491.5 


Similar вии conditions as in Table 5. 

"усне boil test = The specimens wore boiled in water for 4 ht and men deica For 20 hr 
at a temperature of 63°C (e 3°C) and then boiled in water for 4 hr cooled in water an 
then subjected while wet to the scar test, 


EGG SHELL FORMATION IN CARMYERIUS 
'NETHES (FISCHOEDER, 1901) AND GASTROTHYLAX 
ENIFER (CREPLIN, 1847) (DIGENEA: GASTROTHYLACIDAE)* 


SALCEDO L. EDUARDO. 
Universite of the Philippines 
Quezon Oy 


Early works on ces shell formation in trematodes include those of 
je (1936) in Clonarchis sinensis (Cobbold, 1875) Looss, 1907; Dawes! 
in Hexacotyle extensiomala Dawes.) Kouri and Nauss? and Stephenson? in 
Fasciola hepatica L. Based on histochemical observations, they concurred 
that the bulk of the egg shell was formed by globules contained in the 
vitalline cells. Yosufazai¥ believed that the egg shell is secreted by the 
Meklis' gland as shown by the argentophility of the egg shell of Fasciola 
hepatica and the detection of a hyaline cretion from the Mehlis’ gland 
which was similarly argentopltlic. Сеге? obtained lipoprotein by chemical 
analysis of fractions prepared from cxtract of Mehlis gland of Fasciola 
hepatice. Smyth® however doubled the exact role of the Meblis gland in 
egg shell formation. He said that, in some species, two types of gland cells 
in Mehlis gland produce mucus amd lipoprotein. A uterine involvement of 
egg shell formation has been reported by Coil and Kuntz? in the trematode 
Syncvelim spathulatum Coil шн} Kuntz. Smyt and Cleeg® in their 
reviews of egg shell formation of trematodes and cestodes, confirmed the 
views of Ийе (1936), Dawes! Kouri and Nauss? and Stephenson? that the 
shell globules from the vitzlline cells in Fosciolz hepatica are concerned in 
the formation of the ср shell. They remarked that “the ces shell fon. 
tion in parasitic platyhelminths presents complex problems, many of which 
litte work has been carried out”. 


Smyth? found malachite green and methyl green pysonin of special 
value in following the fate of the globules during ege shell formation. 
Johri and Smyth! recommended this method a5 а routine formation in 
trematodes. Madhavi! successfully employed permanganate aldchyde 


*Part of a thesis submitted to the Colle of Arts & Science (Graduate Моран, Uni- 
versity of the Philippines in partiak fulfilment of the requirements for the degree of 
Master af Science under Ше direction of De. Carmen C. Velasquez, Professor and 
Chairman, Dept, of Zoology College of Aris ard Sciences, University of Oe Philippines. 
Teasitis ar to be directed to Dr. С. C. Velasquez. 
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fuchsin technique in following the fate of the vitellino clobules in epn shell 
formation in the amphistomes Diplodiscus лейли Pande, 1937; P'aronaphist- 
отит cori: Cotylophonm cotviophonun and Gostadisens secundus Loose, 
1907 and found the vitellive globules and coy shell positive for the test, He 
also pointed out tiat this method can he used with confidence to stain 
keratin in amphistome egg shell. He used sodium sulfide solution solubility 
test to confirm the presence of keratin, Histochemical tests conducted on 
the egg shell of the sanguinkcolid Irematode, Orchispiritm hereroritellatum 
by Madhavi and Hanumantha Взо!2 showed an clastic type of protein and 
пот keratin or sclerotin os previously described for other trematodes. 
Burton! observed in his study on We fine structure of the Mehlis* gland 
of the frog long fle, Hacmwtoloccts medioptexus that membranous 
bodies from this plend appear to become бахса with the vitelline globules 
forming egg shell in the lumen of the òòtype and proximal uterus, The 
most recent addition to our knowledge on this subject is that of Irwin and 
Threadgold' who obtained evidence by electron microscopic swlics thot 
сер shell in Fasciola hepatica is formed from «hell globutes of the vitclline 
cells thus conforming previous findings. To enhance our knowledge of the 
biology of amphistomes, ezg shell fonna-mccessity be studied, 


Since antigenic properties are also linked with the egy shell in treme: 
todes, knowledge of the egg shell formation is of significance, 


MATERIALS AND ETHODS 


Specimens were fixed either in formal-saline, 1075 formalin or Bouin's 
solution. After fixation, they were procesced by the paraffin method, The 
following techniques were гун. t-malachite green technique?, 
2amethyl geen pyronin techoique?, 3 pennzuzonate aldehyde fuchsin react- 
ionli, 4-brompheno! blue methodl$ modified by Johri and Smyth}, 
SMorelSisley divvotization method (Lillie, 1957) in Реле (1961) and 
feni chloride 19,168. 


The Goddard aud Nichaclis technique (1934) (Madhavi, 1971) was 
used for the solubility test to determine the keratin nature of the egg shell 
Gomori's formula (1950) (Pearse, 1961) for the aldehyde fuchsin stain was 
adopted. Rapid staining with freshly prepared solution was done since this 
alters its property with age, Ross's (1953) (Pearse, 1961) aldehyde fuchsin 
stain in the dry form was also employed to overcome the instability of the 
stain, 


Where counterstaining was desired, 1% orange С in absolute alcohol 
was used. In all eases, sections were cot 5-8 microns 
were conducted for cach of the test. 
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RESULTS AND OBSERVATIONS 


The vitelline follicles and the egg shell in both С. sjmethes amd G. 
crumenifer were positive for the malachite green technique. (Plate I, figs. 1 
& 2, Plate Ul, figs. 7 & 8} The Mehlis gland utering wall and other parts 
wore negative. 


With permanganate aldehyde fuchsin stain, the vitelline globules and 
ege shell for both species were strongly positivo for the test. (Plate 1, figs. 3 
Tate il, без. 9 & 10} 


In the two species, the viteline globules, the egg shell as well as the 
muscle fibers were strongly positive for Bromphenol blue reaction, while 
otlier structures including the Meklis gland were negative. (Plate i, figs. 5 
ate П, figs. 11 & 12). 


Negative results were obtained for the methyl geen pyronin, Morel 
-Sisley diazotizztion and ferric chloride tests. 


А summary of the results for all the tests are given in Table 1. 


DISCUSSION 


Еш shell formation in trematodes as exemplified in Fasciola hepa- 
tica® and adopted in textbooks is as follows: cog shell is formed by 
vitelline globutes from the viteline celis thut coalesce at the region of the 
Sotype and form the complete shelf at the proximal uterus. This shell js 
made up of protein (sclerotin}, phenol and phenolase. 


The malachite green stain demonstrates the protein matore of the 
vitelline cells and globules and the egg shell. In the sume manner the 
aldehyde fuchsin stain is a good test in determining the precursor of the 
ср shell. It сап also indicate the keratin uature of the structure, In the 
larval hooks of Üochoristr sp. which is known to be of keratin, this test 
gave a positive reaction!?, Solubility 10511617 used on the egg shell of C. 
synethes and G. cramenifer with sodium sulfide solution farther confined 
c keratin nature of the ese shell. 


їп the brown phenol blue test, the vitelline globules and сре shell 
were strongly positive inclnding muscle fibers indicating that this test is not 
specific for cag shell material and its precursor but with other structures 
with basic protein. 1Š 
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The negative results obtained in the methyl green pyronin, Morel 
Sisley diazotization and ferric chloride tests indicate the absence of phenol 
and tyrosine. These tests show that my specimens differ from Fasciola 
hepatica im the absence of phenol und phenolase in the vitelline globules 
and egg $6180. [t confirms the findings of BMadhavi1?.18 in the absence 
of phenol in the vitelline globules and egg shell of the amphistomes: 
Diplodiscus mehrai, Gastrodiscus secundus and Cotylophoron cotvlopho- 
mum, Wt is apparent therefore, that in the amphistomate eps, the basic 
component is protein without phenol, 


As demonstrated, egg shell formation in Canmverius synethes and 
Gastrothylax crwnenifer involve the vitelline globules, the egs shell is of 
the keratin type and that the Mellis gland does not participate in the 
process 


10 is suggested that more histochemical and biochemical studies be 
made to elucidate on this hardly studied phast in the biology of these 
helminths 


SUMMARY 


The site of the origin of the egg shell material was determined by 
several histochemical tests (malachite green technique, permanganate alde- 
hyde fuchsin reaction and bromphenol blue test). Present findings show 
that (а) the egg shell material is formed by globules contained in the 
vitclline cells and (b) the саб shell material is keratin in nature, (c) the 
negative methyl green pyronin, Morsel Sisley diazotization and ferric chloride 
tests indicate the absence of pheno and phenolase in the vitclline and cge 
shell of these amphistomes. 
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Table 1, Results of the Histochemical Teus 


Cermyertus ynethes Gasrothylax enemenifer 
Tests - 
viteline Meli! сц viele МӨМ есе 
=й alors кй ectls ата ен 
Malachite 
sn + B ж. ж - + 
Methyl green 
pyronin E > $. og 6 З, 
Bromophenol 
чө E нон 2 
Pecinanganate 
aldehyd 
fuchsin - ^n А + 
MoretSisiey 
diazotzation - - Wi cu E = 
Fonie 
chloride р - t Е E = 
+ = positive 


++ = strongly positive 
= = negative 
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Fig. 


Fig, 
Fig 


Fig, 


Fig. 


Fig, 


ig. 12. 
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EXPLANATION OF PLATES AND FIGURES 
PLATE 1 — Camnycrius synethes (Fischoodor, 1901) 


Section of vitetlaria showing positive reaction (+) to malachite green. 


shell, positive (+) reaction to malachite green. Note vitelline 
globules inside egg also positive (+). 


. Section of vitcllaria showing strong positive (+4) reaction to 


permanganate aldehyde fuchsin stain. 


Egg shell also strongly positive (++) to permanganate aldehyde 
fuchsin. 


Vitellaria showing strong positive (++) reaction to brom phenol blue 
test. Note muscle fibers also strongly positive (+4) to the test, 


j. Section through Mollis" gland and uterus containing epg. МЕН 


lund is negative (=) to brom phenol blue test while the epp shell is 
strongly positive (++). 


PLATE П. — Gastrothylax crumenifer (Creplin, 1847). 


Section of vitellri showing postive (^) reaction to malachite green. 


j. Epg shell also positive to malachite green. 


Viteline globules showing strong positive (++) reaction to per- 
manganato aldehyde fuchsin, 


) Egg shull also strongly positive (++) to permanganate aldehyde 


fuchsin, Note strongly positive (++) vitelline globules inside egg. 


Vitellari in section showing strong positive (++) reaction to brom 
phenol 


Egg shell also strongly positive (++) to brom phenol biwo stain. 
ABBREVIATIONS USED 
— egg shell я vitelline 


— — muscle fibers vig — — vitelline globule 
— Меше gland 


PLATES 
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THEPRODUCTION OF POTASSIUM PERMANGANATE 
FROM LOCAL MANGANESE ORES 


CONCEPCION G. PIGAO an ANGELINA M. SANCHEZ* 
National Institute of Science and Technology 
ABSTRACT 


After a series of experiments, the optimum conditions under which potassium 
permanganate may be produced from local manganese ores was established, This involves 
roasting the manganese ате with $055 KOH and KCIO3 at a roasting temperature of 
300°C, 2 hr roasting time and at a ratio of 1:3:2 for Ma ore:KOH:KC1Oq, The calcine 
(КМО) obtained is Касей with hot water, allowed to stand for several hours, 
Пете by suction and a current of CO» passed through the solution. The resulting 
solution (KMnO4) is filtered by suction again, and finally evaporated to crystalization. 


INTRODUCTION 


Despite the Philippines" wealth in metallic ores and industrial minerals, 
the development of these deposits were for several years left in the hands of 
foreign investors. Several years after however, a number of metallurgical 
projects were undertaken and others are still being planned and 
proposed — these projects which are believed to be basic to the national 
economy and to have bright prospects in the country. 


With these innovations and improvements in mineral beneficiation and 
metallurgical processing through scientific research and development, we can 
now look forward to much improved and more economical processes and 
techniques for application on our resources. 


‘One such natural resource is manganese. It occurs widely in crystalline 
socks and like iron it is dissolved out and re-deposited in the oxide, hydroxide 
ог carbonate form. The major ores of manganese are the oxides in hydrated 


*To whom inquiries are (o be made, Conception G. Pigao and Angelina M, 
Sanches, Chemical Research Department, National Institute of Science and Technology 
Butan Togig. 
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forms and to a lesser extent the silicates and carbonates,! The chief oxides 
ате pytolusite (MnO;), psilomelane (hydrated MnO;) manganite (MnjOs- 
50), and hausmanite (Mn304). 

“Pyrolusite” contains from 60-63% Mn with most of its varieties 
containing varying percentages of water. [t is formed by the oxidation of 
other manganese minerals. 


“Psilomelane” is an oxide of variable composition containing 45-60% 
manganese. It contains also a considerable amount of water. 


“Manganite” Миз ОНО contains as much as 62.4% Mn. 
“Hausmanite” MnO, contains as much as 72.19% Mn. 


"Rhodochrosite" contains 47.8% manganese when pure and is the most 
‘common carbonate mineral of manganese, 


The tem “manganese” is usualy applied only to those ores containing 
more than 35% manganese. “Ferruginows manganese ores” are those 
containing from 10-35% manganese and those containing from 5.10% 
manganese are known as “manganifecous iron ores?", Manganese ores with 
less than 5% manganese with the balance mostly iron are classified as "iron 


From the qualitative standpoint, we have the following classification of 
Philippine manganese. 


Chass LI) 50) [23 #41503 
High grade $3.58 136 141 370 
Marginal grade 4514 1286 996 279 
High са A081 2246 448 419 
Sub-marginal — 3264 1869 1,39 335 
Lowgrate. 2002 14.72 1355 па 


It is believed that the above list fairly represents the mineralogy of the 
country's deposit of Mn ore. Among the important manganese districts in the 
Philippines are Cabadbaran, Agusan del Norte; Guindulman, Bohol; Mandaon, 
Masbate; Sta, Cruz, Marinduque; Siquijor, Baler, Quezon; Capas, Tarlac; 
Tinambac, Camarines Sur; and Busuanga, Palawan, 


As of CY 1974, the Philippine manganese ore reserves were estimated at 
99,378,549 M.T. containing an average of 56.9% Mn. The existence of over 
supply of Mn in the world, increasing competition among the large producing 
companies, high production costs and other unfavorable factors brought 
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about suspension of mining operations in the Philippines. It was revived, 
however, in 1976. 


Manganese Ore Reserves 


Location Estimated Ore ‘Approximate grade of 

Reserves, tons on, Mn 
Busuanga, Palawan 103438 EI 
Guinduiman, Bohol 1,600,000 2845 
Siquijor 100,000 3252 
Western Samar 43046 3248 
Docos Norte 25350 32 
Baybay, Leyte 4500 ча 
Others 97502175 

Manganese Ore Production 

1976 and 1977 

Manganese Unit Quantity Vase 
washed ore DMT 4302 860488 
unwashed ore = 6274 315.250 
washed ore T 2151 430222 
unwashed ore ш 13090 5,445,803 


It has been estimated that about 95% of locally produced manganese is 
used in the metallurgical industry while the rest is used in chemical and 
refractory industries for the manufacture of dry batteries, disinfe ants, 
paints and vamishes, glass decolorizer and coloring material in pott-ry and 
bricks. 


Studies have shown that many chemicals with potentialities for use in 
industry and medicine can be extracted and derived from manganese ores, but 
all of these are subject to economic considerations. 


Potassium permanganate which is now the object of our study is 
described as glittering dark, purple or bronzedike, odorless crystals, sweet, 
with astringent aftertaste. 


The uses of potassium permanganate are based exclusively on its oxidi- 
zing power. It finds application in industries and medicine as a reagent in 
analytical chemistry, manufacture of organic chemicals, introduction of 
saccharine and benzoic seid, in bleaching and decolorizing ethercal oils, 
waxes, and fatty materials, leather tanning, staining or preserving wood and 
water purification. 


In medicine, it is used as topical astringent, antiseptic, disinfectant and 
deodorant, 
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Our importation of permanganates (including chromates and 
dichromates) ss of CY 1976 totalled 176,450 kg with a value оЁР1 044,816. 
Most of our importations came from Italy (78,616 kg) Norway (31,000 kg), 
Japan (28,025 kg), China and Rep. of Taiwan (14,000 kg) and U.S. (13,415 
kg) [Central Bank of the Philippines (1976). 


Our large importation of these chemicals and others had important 
implications on our economy. The concerted efforts of government and 
industry are therefore viewed with approval when these are directed to pro- 
mote research and developmental projects on ores and minerals. 


This project on manganese ore processing was undertaken primarily to 
make a study of the different methods of producing potassium permanganate 
and to determine the most economical and efficient method that maybe 
adapted to our local materials and conditions. 


REVIEW OF LITERATURE 


The properties of manganese described in the literature differ, showing 
that the impurities which characterize the metal obtained by different 
processes modify many of the properties. The impurities associated with 
manganese minerals are: 1) metals ~ iron, zinc, lead, copper and silver 2) 
gangue — silica, alumina, lime, magnesia and baria 3) volatile matter-water 
carbon dioxide, organic matter and 4) non-metallic — sulfur and phospho- 
ms. 


If the manganese ore is to be treated economically, then silica, alumína, 
lime and magnesia should be kept within certain limits. To remove the water 
and carbon dioxide of the ore, the ore should undergo calcination, Both 
phosphorous and sulfur are undesirable impurities, 2. 


In out present study, the first operation is ordinarily the formation of 
potassium manganate the second step being the oxidation of the manganate 
in solution to permanganate, 


Chemical reactions invotve: 


L 24003 +4 KOH #0) = — - = + 2K MnOg +210 
2. 3KjMn0, +2 CO; +120 - - 4 2 KC; + 2KMmO, + MNO; 2140 


The most important in the process is the fornace reaction. Impurities ín 
the ore affect the process in several ways, The presence of a small quantity of 
Шоп in the ore is beneficial, the reaction going slightly further toward 
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completion, the iron perhaps acting as the oxygen carrier. Silica and alumina 
ате detrimental, passing into solution later as sodium silicate and aluminate, 
their subsequent removal being an occasional source of trouble. Thus the 
табо of dioxide to alkali varies from 1:2 to а higher proportion of alkali, 
depending on the silica and alumina impurities for which additional amount 
must be allowed. 


When finely powdered MnO» is heated with potassium hydroxide in a 
current of air, complete oxidation is frequently attained only by remoistening 
and reheating the mixture. [t is heated with 50% KOH but NaOH has also 
been used, the NeMn04.3H,0 being converted to the K salt as the final step 
of the process. 


ФЕ. Chevillot and W.F. Edwards prepared KMnO, by igniting а 
mixture of ] part manganese dioxide to 1 part of 1.5 parts KNO;, dissolving 
the cold product in water and evaporating the decanted red solution to 
crystallization, In place of KNOs, а mixture of KOH and chlorate were 
recommended by G. Forchhammer, et al. TJ. Pearsall observed that 
KMnO; is formed when manganese salt Б treated with chlorine and potash 
lye and С. Standler* converted manganate into permanganate by treating the 
solution with chlorine. P. Wegner and 1. Heslingx* used bromines in place of 
chlorine to convert the manganate into permanganate. 


While potassium permanganate may be obtained in several different 
ways as described above oor stedies were centered on а modified process. 
However, ай of these methods were considered and tested for their 
adaptability to our local conditions and materials. 


Our modified process involves the roasting of Mn ore with 50% KOH 
and KC10, as oxidant at a certain roasting temperature and time to produce 
potassium manganate (КМО). The K,MnO, produced is converted to 
KMnO; by leaching with hot water and passing CO through the solution. 
The solution is filtered again by suction and evaporated on a water bath to 
almost 1/2 its volume and quickly cooled at 16°C (refrigerator) until 
‘crystallization takes place. The crystals are dried by vacuum. Purification of 
the crystals is best attained by recrystallization in water. 
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EXPERIMENTAL PROCEDURE, 


Mn ore + КОН + KC103 


Mix and heat in a fornace at a definite roasting teyrperature and time. 
* 
Гея 


Grind and leach with hot water; allow to stand; filter by suction 


* 
Камп, solution 


Heat solution; pass CO; filter by suction 
Ж 
XMnO, solution 


Evaporate and concentrate to 1/2 its volume; immediately cool al 16°С 
(refrigerator) to crystallization 

у 
KMnO% crystals 


Reorystallize in water 


* 
Purified KMnO, crystals | 


Flow Diagram for the Production of KMnO, 


‘The principal raw material tor permanganate manufacture is manganese 
ore and our study made use of manganese ore with 55.299 Mn. The 
manganese ores used in our experiments were heavy, hard, and titragonal 
crystals with an iron-black metallic color whose composition is as follows: 


Mn 55295 

50, 239 

Fe 20 

Р 25 

A150; E 
13 


With this composition, our Mn ore sample which was obtained from the 
R.B. Industrial Company of Agusan del Norte may be classified as a natural 
ore of psilomelane, МпО;-Н;О. 


The economic production of KMnO; is very difficult because of the 
great care that must be taken to maintain yields and purity. it is necessary 
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that there be careful control in handling the reactants. Again, in the 
extraction step, maximum purity calls for very careful manipulation. The 
same problem occur throughout the process. 


‘The manganese ore was crushed and ground and passed through а 
100mesh sieve, Fifty grams of the ground material was mixed with the 
theoretical amount of KOH and KC103 as oxidant. This was thoroughly 
mixed in a stainless steel tray and roasted in a furnace at 300°C roasting 
temperature and 2 hr. roasting time. After cooling the roast (K;MnO,), it 
was ground and leached with 1,500 mi of hot water. This was allowed to 
stand for 2 hours after which it was filtered by suction. The clear solution 
was heated, With an original pH of 12.7 - 13.0, CO was passed through the 
solution until it was almost neutral, Under these conditions, 2/3 of the 
manganate is oxidized to potassium permanganate. The remaining 1/5, 
reduced to dioxide, as shown in chemical reaction below, was filtered off and 
mixed with ore going into the furnace. 


3K MnO, + CO; —e2KMnO, + MnO; + 2K3C03 


The clear solution was evaporated and concentrated to 1/2 its volume, 
and immediately cooled in refregerator at 16°C to crystallization. The 
remaining liquor was decanted and the crystals dried by vacuum. Purification 
of the crystals was by recrystallization with water. 


‘Thirty two grams of the KMnO, crystals were weighed and dissolved in 
128 ml of water at 60°C. This was immediately filtered, evaporated and 
colled until crystallization took place. 


Several sets of experiments were conducted to determine the type of 
‘container to use for roasting (iron pan, porcelain, casserole, and stainless steel 
tray); the volume of leaching water; effects of varying conditions like the 
amounts of KOH and KC10, (ratio: Mn ore: KC10,, from 1:1:2 to 1:3:4); 
roasting temperature (200-500°C); and roasting period (2-4 hr). 


In order to evaluate the parameters of the study, analysis of the 
resulting liquor and crystals obtained were made. 


RESULTS AND DISCUSSION 


All the methods considered and tested for their adaptability to our 
focal conditions and materials were found to be time-consuming with 
non-satisfactory results, It was unwise to use chlorine since with the 
generations of chlorine, KMnO4 would be needed. We used KOH instead of 
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NaOH because with NaOH, the yield is lower and the maximum conversion to 
manganate is found to be only 60%. 


Using the modified process, the first series of experiments was 
conducted with the ratio of 1:2:1 (Mn ore:KOH:KCIO;), a roasting 
temperature of 300°C and a roasting period of 2 hr, 


The results of a series of experiments and the conditions under which 
they were conducted are tabulated in Tables 1 to 5. 


‘The first problem we encountered was on the type of container to use 
for roasting. Several containers were tried, namely, porcelain, casserole, clay 
tray (made by the Ceramics Research and Dev. Center) and a stainless steel 
tray. We finally decided to continue using the stainless steel tray, since the 
results obtained were better and a more complete reaction between the Mn 
ore and the KOH was observed. 


The results in Table 1 show a higher yield and percent conversion of the 
MnO% to KMnOg by using 1,500 mil H30 for leaching. Note that there was а 
corresponding decrease of yield as we increased the volume of water. 


In Table 2, it is evident that at 200°C, poor results were obtained, But. 
as we raised the temperature to 300°C, better results were obtained, 
However, it will be noted that as the temperature was further increased there 
‘was a corresponding decrease of the yield and percent conversion to KMnO4. 


In Table 3, better results were attained with a roasting time of 3 hr. 


Jn Table 4, the best results were attained with the ratios, 1:2:3 and 
1:3:2 at roasting times of 3 and 2 hr, respectively. 


To further determine which of the above conditions would give the best 
results with respect to purity of crystals, experiments were carried out up to 
‘the crystallization and purification of the crystals, 


Table 5 shows that the best results were obtained based on the highest 
yield and purity of crystals, when the mixture of 1 part Mn ore to 3 parts of 
КОН and 2 parts of КС1О were roasted for 2 hr at a roasting temperature of 
300°C. In Table 6 a comparison is made of the ratios 1:2:3 and 1:3:2 (Mn 
ore:KOH:KC103). 


Several verification studies were also conducted using the above 
conditions. Prelimanary cost estimate of the production of KMnO4 
(laboratory scale) indicated that under the optimum conditions 1:3:2 ratio 
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(Ма оге:КОН:КС1О), coasting temperature, 300°C and roasting time, 2 hr, 
the best crystals could be produced at a much lower cost 


Based on these results using the ratio 1:3:2 (Mn ore:KOH-KCIO,), the 
Tatio of equivalent of Mn content (of the ore) to the KOH solution (50%) and 
to the КС1О would be 1:3.87-.4695 as explained in the computation: 


50g 2146.02 mi 
Mn ore KOH 
55.292) бов) 
Mn ore: КОНЖСІ0; 
t С = 
21402 agy 
5529 
зов 25966 
Mn ore кс, 
Mn or KOHEKCIO, 
дз: 
2596 = 04695 
5529 


From the above ratio constants 3.87 (KOH) and 0.4695 (KC10.) were. 
derived, which if multiplied by g manganese in the ore would give the number 
of ml of KOH solution and g of СТО; that would be roasted with it, thus. 
55.29 x 3.87 = 214.02 mi KOH (509) and 55.29 x 04695 = 25.96 g КС1Оз. 
So a manganese ore sample containing 55.29% Mn would be using 214 ml 
KOH (50%) and 25.96 g KCIO3 per 50 g manganese оге. The optimum 
1s now established are: 


Roasting temperature ERE 
Roasting time - 2ы 
Ratio of Mn:ore:KOH:KC105 - 1:337:04695 


190 


10. 


[m 


The Philippine Journal of Science. 1979 
REFERENCES 


Sully, AH. The Occurrence and Ores of Manganese. Manganese. 
London: Butterworth Scientific Publication, pp. 3-10. 


Kerk, R.E. and D.F. Othner, ed. Manganese and Manganese Alloys. 
Manganese compounds — Potassium permanganate. Encyclopedia of 
Chemical Technology. Vol. 8, 1952. Mack Printing Co, Eaton, Ра. 
U.S.A: 718725, 754-757. 


Olsyco, 1. The Philippine Manganese Problem. Philip. Soc. Mining 
Metall. Geol. Eng, Newsletter, Manila 8(2): 1956, р. 80. 


Philippine Boreau of Mines. Manganese, Mineral Economics and 
Information Division, Information Series No. 7, 1977, pp. 1-3. 


Mellor, J.W. Potassium Manganate. The Permangenates. Comprehensive 
‘Treatise on inorganic and Theoretical Chemistry ХИ. 1957. Lowe and 
Brytone, Great Britain: pp. 283, 301-303. 


Parks and Mellor. Manganese. Mellor's Modem Inorganic Chemistry. 
1946. Longmans, Green & Co., U.S.A pp. 787-797. 


Philippine Bureau of Mines. Manganese. Mineral Economics and 
Information Division, Information Series No. 7, 1962, pp. 1-3, 


Philippine Bureau of Mines. Manganese Deposits in the Philippines, Base 
Metals Monthly Report. 1(7): 1954, pp. 24. 


Philippine Bureau of Mines. Manganese in the Phil., Philippine Mining 
News D. 13(7): 1955, p. 23. 


Quicho, Rufino. Metallurgy and Beneficiation of Metallic Ores and 
Industrial Minerals Philippine Mining Journal. 4:3 (1962) 12. 


Springfield, Raymond B. Manufacture of Potassium Permanganate. Vol. 
22: 1920, pp. 1027-1030. 


108:34 — Pigoo and Sanches: Production of Potassium Permanganate 191 


Table 1. Effect of Varying Volume of Leaching Water on the Conversion 


Of MnO; то KMrog 
Roasting temperature 30C 
Roasting ime 2ы 
Mn ore: KOH-KCHOS tatio [5 
Vol. of 
Mom #Юшбд ш Kaa, % 
1.000 1798 EL] 4465 
Ls 2085 4136 E 
200 1857 E 1 
3,000 1617 EE: Er 


Table 2. Effect of Varying Roasting Temperature on the Conversion of. 


жою КИНО, 
[UT m 
Bao їл ere XOIEXCO S ixi 
Volume of leaching wat pm 
EE юлюш ы KIRO,  Comvenion 10 KMnO4. % 
жо m 026 xs 
300 Er PE EH 
doo Pr зт Aus 
500 Eri ES En 


таме 3. Effect of Roesting Time on the Conversion of Ma0 у KMnO4 


Roasting temperature 
Ratio (Mn or=:KOH:KCI09) 
Volume of leaching water 


Roasting 


ime, hr gKMaOgSOgom = KMrO, Conversion to KM104, % 
2 2085 4136 520 
3 2656 5247 65.58 
4 1738 3482 4345 
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‘Table 4, Effect of Varying Retio of Ma Ore to КС1О end Time of Roasting 
‘on the Conversion of MnO to KMnOg 


Roasting temperature 300°C 
Vene facing vi prom 
Rate pem Conversion to 
ener Ito 
2 E азе 520 
з 2156 Qa no 
2 130 ма dm 
3 1936 ал 4985 
à 2n Sar 7430 
> hn аз юв 
i Er] PES 
5 29.16 $834 7291 
E 32.08 ан mn 
3 Er Sus na 
H En пи mus 
3 2584 51.92 64.59 
2 0915 sa «s 
› nn B ёз 
‘Table 5, Best Results Obtained Besed on rhe Highest Yield 
and Purity of Crystals 
TE eg 
Teu Tempers E 
‘Leaching water (ml) 1,500 mi 
pae 
KOR Коз ime M Sm 8 ы da E 
Ment Rem 
иза 2 mus ил 23 $49 ыз во 
3 2156 cas 3207 $0 ВЯ 9808 
аа 2 1030 мй 4926 3727 5299 702 
з 1986 ап 4965 4509 7579 850 
t23 2 Bn S4 7430 ns вы s 
$ à» Өз юз en ns им 
a 1 2806 5913 1022 в жо > 
з 916 юм пи ию м — 
> 3006 08 027 8004 9601 38069992 
з жй 5915 7127 MI 930 50 
2 mus яз mus бз а — 
з вы n» аз вп С 
аач 1 dus e ns вы II 
з зп эм gs mn ll 
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Table 6. А Comparison of Results Obtained from Retos 1-23 ond 1:3:2 


fis or КОВКА) 
‘Roasting temperature suc 
‘Volume of leaching water 1,500 mt 
Ratio 
Roasting Purity, % Purity, % 
(nore: ist Recryst. 
консо PeO tere crystals 2nd Rec 
123 3 $032 81.96 9166 
rim 2 sa 96.01 98063992 
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Fig 2 Effect of roasting temperature. 
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Fig 3 Effect of roasting time 
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Fig. 4 Effect of varying ratio of Mn ore: КОН: KCIO, 
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Fig. 5 Comparison of the purity of аузы: 


MOSSES NEW TO THE PHILIPPINES! 


R. M. DEL ROSARIO? 
E 


3.0. VAN ZANTEN? 


ABSTRACT 


Eleven mosses are reported new to the Philippines. The collections were made 
{from 1,000-2,880 m in the Cordillera Central, Luzon, which is the most extensive system. 
‘oF highland areas in the Philippines. 


Ла November 1968 and from 1973-1976 at different times of each 
extensive bryological collections wore made in the Cordillera Central, а 
mountainous range that ез in the Northern part of Luzon, formerly known 
in Philippine geography as Mountain Province. It is in the Cordillera Central 
that the highest point is reached (Mt. Pulog, 2,880 m). Only Mt. Apo in 
Mindanao is higher than Me. Pulog, reaching 2,930 m. Farther north, about 
10 kms away from Mt. Pulog, is the second highest peak in Luzon, (Mt. 
Tabayoc, 2,819 m). The other high summits in the Cordillera Central, Luzon 
are Mt. Panotoan, with two peaks (2,650 and 2,645 m) lying between Mt. 
Pulog and Mt. Tabayoc, Mt. Data (2,300 m), and Mt. Santo Tomas (2,258 т). 


As most of the Luzon Cordillera Central lies above 1,000 m, it forms a 
unique climatic and biogeographic region. The colé-loviog vegetation of the 
region was studied earlier by Merill and Merritt! and recently by Jacobs? who 


1тһе fiest author was supported by grants from the National Rescarch Council of 
the Philippines and the Technical Assistance Department of Netherlands Ministry of 
Foreign Affairs. The second author's collecting trip in 1968 was financed by the 
Netherlands Poundstion for the Advancement of Tropical Research (WOTRO). Di. М. 
Jacobs" collections were made avadabte by Dr. A. Touw, Rükiberbarium, Leiden, to 
whom apreciation is extended. The illustrations were prepared with skill and under- 
standing by Mr. Severino C. Reyes under NRCP Project 1:34. Special thanks are also 
extended to Mr, Gerard L, Penecilla of the University of the Phidippines—Natural Science 
Research Center for his assistance in many ways. 

Nacional Museum of dhe Philippines, Rizal Fark, Manila Philippines. 

3Biotogiseh Centrum, Plantensystematick, Haren, (Gr.), The Netherlands. 
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made an extensive general collection ducing his 1968 exploration. [t is 
interesting to know that he submitted te Philippiue atthorities a formal 
Proposal for the eausewation of Luzon's highest mountains 


The spechnens cited here are deposited at the Philippine National 
Herbarium, and Biological Center of the State University of Groningen in 
Haren, The Netherlands. The species reported in this paper are arra 
alphabetically. Since literature regarding these species in the Philippines is 
scarce and hardly available, cach species is again Fully dlustrated even if they 
have been included and illustrates in some other countries! moss flora. The 
main bulk of the collections will comprise the material for the preparation of 
a Handbook of Philippine Mosses together with those of the central and 
southern part of the country where Farther exploration will commence early 
part of 1978. 


ged 


Campylopus polytrichoides De Not. Or soil among grasses and growing with 
Aongstroemia oricutalis, Mt. Polog. semmit, RM. det Rosario 
15607. — The outstanding chractetistics of this species are the presence 
of low dorsal lamellae and the Jax basal celis. Jt differs from C. 
introflexus by its straight kaf tip and narrower leaves, This species is 
occuring in India, Ceylon, Java. Sumatra, Africa, south and western 
Europe, 


PLATE (1) Compylopus poty michoides De Not. 


а Plant habit - X10 TEE 
ъ Leaf - X S0 4. Median leaf cells Х 360 
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Dicranoloma billandieri (Beid.) Par. On bark of logs, Mt, Data, summit; RM. 


del Rosario 75605. This species differs from the other local species by 
its less setaccous subula which is more or less flattened above and the 
dentation which is reduced or even absent in many cases. The species 
occurs in the temperate climates of the Southern Hemisphere 


PLATE (2) Dicranolouna bilfantieri (Bid) Раг 
а. Plant habit — X9. а Median мас cells — X 190 
by & bp Leaves- X 29 = Apical kaf ceils — X190 
c. Basal leaf celts X199 
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Охота thamnioides (Broth, er Dix | Biik, et Anan. Mt, Таһауос, Jacobs 
B549 (determined by А. Touw.) е distinctive characteristics of 
this species are the more w less dendroid habit with Паре оа 
branches, oval connplanate ku double vosta, чили linear 
Jeaf cells, und denticulate upper leul marges The species has he 
reported from Ceylon und Thailand 


PLATE (3) Déconig (Кате Moth, et Djs Beck. et Ando: 
а Plant habit X3 1. Median Jes? gets - X 338 
bj & bg Leaves - X $0 ока eat ees - X 330 
Basal leaf els = X 
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i Fissidens asplenioiles Hedw, Mt. Polis, on rock crevices, В.О, van Zanten 

i 88-11-4029; МН. Santo Tomas, RM. del Rosario 72954. It is dis 

| tinguished trom its allied species by the obtuse leaf apex which is 
usually circinate when dey. The species has a worldwide distribution. It 
was collected in Now Guinea for the first time by; В.О. van Zanten* 
10-68-5109; bt 2938; 11-64032. 


PLATE (4 Fissifonscxpleninis tea 
a Plant habit - X65 1. Median leaf cells — X 320 
by Leaf- X34 e. Leaf veis of the dorsal blade — X 320 
© Bat loaf oslis- X 320 


Floribundaria sparsa (Mitt.) Broth. vat. pilifera (Nog) Nog. Mt. Tahayoc ол 
trunks, R.M, del Rosario 14098. Noguchi separates this species from 
Floribundatia aurea by its yellowish to deep тосо habit, the tatter are 
yellowish-green to reddish-brown. The branch leaves are scarcely cont 
planate and the marginal teeth rather small. 


| 
| 
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PLATE (5) Floriburdirio sparsa (Mirt.} Broth. var. pilijera No.) Nog, 


а. Plant habit - X9 =. Median leaf ces — X 330 
b, Leaf - X90 iL Basat leat cells — X 330 
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Meteorieltz soluta (Mitt) Okam. Mt. Tabayoc, Jacobs BOS! {determined by 
А. Touw). This species can be easily separated from other local 
Meteoriaceae by its very faint to indistinct double costa, orange colored 
leaf base with large auricles, end the smooth very thick-walled linear 
cells. The leaf has a broadly ovate base becoming abruptly acuminate. 
India, China, Taiwan, Japan, Philippines. 


PLATE (6) Meteorielis soluta (Hiit) Okam. 
э, Plant habit - ХЭ AL Apical ies sells — 
t Lear- X32 © Medion taf celts 
< Basal leaf ей — X 330 
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 Microcampylopus sbnanus (C. Muell.) Fleisch. Mt. Santo Tomas, on soil, 
RM. del Rosario 75/5.- Because we could not tind stomata on the 
bases of the capsules which we examined, we place the plants under 
Microcampylopus. Otherwise, they look similar to Comprlopudium 
euphoroeladum, except for the narrower leaves. This species is also 
found in Java. 


PLATE (7) Sficrocampylopus subnanus (C. Muell.) Meise 


a. Plant habit — X13 4. Median leaf cells - X 330 
b, heat -X4R ©. Upper leaf cells - K 330 
с. Basal Leaf ces X 330 1. Copmile - X49 


XU 
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Мапи fcevinerve Cord. Mt. Puiog, on boulders in стеейз, RM. del Rosario 
1204, 12040, 12043, 120750. 12076 (determined by Koponen). 
Kopanen® states that rtis mainly temperate, growing from the southern 
temperate to tbe nortlom temperate zone hut it extends its range up to 
the mide orohorecl zone. While the typical habitats ate creek banks 
and cliff faces, the plants grow also on rotton wood, 


PLATE [Bt Aner арни Сы. 
а Pant habit - X6 
b. Lf. X25 è 
Bosal at cells X 200 


а. Modan leaf cells = X 210 
Apicat af sells - X 210 
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 Platyhypnidiem wilde? Zant, Imelda Park, Baguio; on stone walls, RM. del 
Rosario 7039, — The specimens agree well with the type materia] rom 
New Guinea. The species differs from P. muelleri by its more acuminate 
leaf with the acumen being often twisted and the upper famina cells arc 
shorter and shamboidal, ranging (rom 16-30 мт, In P. wilder, the upper 
amina cells range from 35-70 un. This species differs from Rhy ure. 
steghen usperisctian by the sharply serrulate branch leaf margins. The 
species was formerly known from в collection in the Star Mountains 
West New Guinea; van Zanten“ 


PLATE (9) Platyipprridium wikdei ant. 


а. Plant abit - X64 d. Майа leaf elis X 320 
b. Leaf - X 50 © Apical leaf cells — X 320 
т. Basat leaf cells - X 320 
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Symhopodon treubii Fleisch. Mt. Pulog, on trunks; RM. del Rosario 12089, 
12090: Mt. Tabayoc, RM. del Rosario /4013. — This species differs 
distinctly from S. gardneri by its cancellinae passing gradually into the 
lamina cells, whereas the marginal ceBs of the leaf base which are 
usually longer and narrower abruptly extending to the cancellinae. 
Caly mperes datense might prove to be conspecific with the present 
species but that because we have not seen its type material we could 
not make the reduction possible at this time. 


PLATE (10) Svrrhopodon trezbii Fleisch 
=. Plant habit X 6 


4. Median leaf ces - X 210 
Lent - X30 <. Upper leaf es X 210 
а Basa Leaf ces — X 210 1. Apical eal сей; - X 210 


210 The Philippine тий of Serenec 


Warburgiella subleptomhynchotdes (Fleisch.) Fleisch. Mt. Pulog, on barks 
of tees, RM. del Rosario 12035; Santo Tomus, RM. del Rosario 
73838. The species may easily be confused with W. cupressinoides but 
the latter Ваз the leaves tapering gradually to a filiform point while in 
the former the leaves taper abruplly. The two species are very similar in 
size and appearance. Both are larges and less delicate than W. philip 
pinensis which is mme closely similar to W cupressinoides, 


PLATE (11) Worburgiella sebloprorrhenehoides (Fleisch. Fleisch. 
а Pint habit X 7 а. Median eat eels — X 330 
by & hp Leaves — X90 ж. Apical leaf cells — X 330 
с. Basal leaf gulls - X 330 
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GENETICS OF DIELDRIN RESISTANCE IN 
CULEX TRITAENIORHYNCHUS — A PRELIMINARY REPORT 


AFSAR МАМ” 


Govemmennt Degree College: 
 NAROWAL, (Sialkor) Pokiston 


ABSTRACT 


Dicldtin resistance alelo (D1) was isolated from two эё type stocks of Culex 
Uritaeniorhynchus and homozygous colonies Iaboratory-bred, Larval mortality tests with 
different concentrations of diekirin reveal that 0.125 PPM is the bost discriminating dose 
in which all the +/+ larvae die in the fist two hours, the Оце die between 2H to В 
hours, while DIDI romain alive 24 hours after, The data obtained from different 
genetic crosses indicate that DI is an incompletely dominant alele, located on the 
suometacentri chromosome (linkage group ID at a distance of 26.46 1.26 map units 
from ted-potted eye, another autosomal codominant allele. 


INTRODUCTION 


Insecticides and pesticides were once considered to be the most 
effective weapon in man’s struggle against harmful insects. However, the 
limitations of these chemicals were soon realized by workers in the laboratory 
and field, The occurrence of genetic plasticity in natural insect populations 
and subsequent development of resistant strains against these chemicals 
served to obviate the latter's usefulness as control agents. 


Studies have been done to find the effective minimum dose of these 
chemicals as well as resistant strains in natural populations of mosquitocs. 
However, only a few of these deal with inheritance patterns. The genetics of 
dieldrin resistance has been worked out by French and Kitzmiller! im 
Anopheles quadrimaculatus and by Lockhart? er af in Aedes aegypti In both 
mosquito species dieldrin resistance is inherited as a single autosomal allele, 
showing incomplete dominance over its normal counterpart. 


Th: present study on Culex tritzeniorhyuclus Giles, an important 
vector of Japancse #B# encephalitis and West Nile viruses in Asia, was 
undertaken for two reasons: firstly, to isolate a good marker gene, which can. 
be used in genetic linkage studies; and secondly, to determine the minimum 


To who inquiries are to be made. PIN 


24 The Philippine Journat of Science. n 
effective dose of dieldrin, which сап be used in а well coordinated control 
programme. This paper reports the methods of selection of dicktrin-resistance 
gene and prelimenary data on its mode of inheritance in C tritvetioriten- 
efus. 


METIODS AND MATERIALS 


L Ksolatiun and Selection of Dickdrin-rcsistance бы 


Two basic wild-type stocks of C. riacniorhynchus Rusi bank and 
Khulna were choosen for isolation aad selection of dieldrin sesistince mutant 
(DI). The stocks are being maintained at the Pakistan Medical Research 
Center in Lahore after Baker and Aslamkhan> The techniques used for 
mosquito reading were sünilar to Raker 4 сг of The methods adapted for the 
isolation and selection of DI were similar to French and Kitzmiller! with 
some modifications. 


Well-fed fourth instar larvae from the aforementioned wild-type stocks 
were exposed to 2.5 PPM (parts per million) of dieldrin for three hours. The 
few survivors of this larval treatment were taken out und washed with ranning 
tap water. Every core was taken to save the larvae from possible injury during 
this handling. These larvae were allowed to develop into adults, which were 
then interbred. The larvae obtained repeated generation after generations 
until a vigorously reproducing stock was produced, 


Once a potential resistant stock was produced, il was desired to obtain 
а minimum dose of dieldrin which can discriminate between the sensitive and 
the resistant larvae. For this purpose, batches of 25 lanae of both potential 
resistant and normal Ravi bank stocks were exposed to 0.00, 0.02, 0.1 05 
and 25 PPM of dieldrin and larval mortality recorded every hour. The 
experiment was run in duplicate and each experiment cone twice to mini 
error due to chance. The result of this cxporiment revealed that 0.1 PPM 
dieldrin is а selective dose which can Kill all sensitive larvae in the first three 
hours while 20% of the potential resistant stocks can tolerate this dose even 
for 24 hours. Further selection of the potential resistant stock was carried at 
0.1 PPM dieldrin, used for 24 hours. Ош observations showed that the 
survivors of this treatment produced equally resistant progeny. Thus a 
homogeneous stock of homozygous ditldrin-resistant individuals was 
produced 


П. Selection of a Suitable Dieidrin Dose for Genetic Studies: 


The genetic studies on dieldrincesistance required a dose of dieldrin which 
can differentiate between the three F genotypes ic. +/+; DI/* and ОМОТ 
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For this purpose, batches of 25 well-fed larvae from homozygous sensitive 
{Ravi bank); F} sensitige X resistant and homozygous resistant stocks were 
exposed to 0.02,0.05.0075,0.1000.125,0.0.150 and 0.175 PPM dieldrin ana 
larval mortality recorded every 15 minutes foc the first three hours and every 
hour thereafter. The experiment was run in duplicates and done twice. The re- 
sults of this experiment showed that 0.125 is the best discriminating dose, where 
all the +/+ larvae die in first two hours, while D i/+ show progressive mortal- 
йу from 2% hours to 8 hours. The DI/DI group remain alive after 24 hours. 


IIL. Genetic Experimentation: 


The following strains of C. sriteeniorhynchus were used in the genetic 
experimentation 


a. Ravi bank; Wild-type patent colony. 


b.  Whitecye (w): Sexlinked recessive mutant with full penetrance 


and complete expressivity, showing 5.052 0.17 per cent crossing 
‘over with sex locus. 


<. Кейароцей eye (RS A conditionally codominant mutant 
showing itself in white eye background. Located on the linkage 
group 04 


d. Diekdriwresistant (DI): Newly isolated homozygous mutant 
stock. 


e. — Dieldrin-white 1-м): Homozygous for the two mutants Diel- 
drin-resistance and white eye. 


Е Dielddrin-Red spotted (DI-Rs): Homozygous for Di,w and Rs 
mutants. 


The techniques used for various experimental crosses were similar to 
Baker. Mass mating was allowed for all the crosses but individual rafts which 
represent single families were kept in separate vials. After hatching, percent 
hatched was recorded and single families were reared individually in flasks. 
The larvae were fed with liver powder every moming. Families showing less 
than 50% larval survival to adults were exlcuded from the final analysis of 
data whore partial larval mortality might affect the quantitative assessment of 
gene segregation. 


Both F and backcrosses were designed to show both the mode of 
inheritance of dieldrinsesistance and its linkage relationship. Little atempt 
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was made to collect the Fy data; however, egg rafts were constantly checked 
for the heterozygous genotype. The scores for D1 were obtained by treating 
fourth instar larvae with 0.125 PPM dieldrin, while other traits were assessed 
in the adults emerging from survivors of the dieldrin test. Thus half of the 
‘total segregation data were utilized in subsequent analysis. 


RESULTS 


The Fp data obtained from the cross between dieldrin and wild-type is 
presented in Fig. 1, as cumulative larval mortality plotted against time. From 
‘his three larval populations can be distinguished. About 25% of the larvae 
dying in the first two hours, represented in the first sharp tise in mortality 
rates are the +/+ larvae. The second sharp increase after а short plateau, which 
includes about 50% of all larvae, represent the D1/+ group. The survivors of 
the 24hour treatment аге D1/D1, constituting about 25% of the total larval 
population. The actual scores of the three genotypes (+/+ 128,D1/+ 262 and 
DI/Di 144) conform with the 1:2:1 genetic ratio (where £2 = 115,Р = 005 
— 0.70}. This suggests that the DI is inherited as a simple incompletely 
dominant gene showing a normal Mendelian segregation райета with full 
penetrance and consiant expressivity. 


The results of the preliminary backerosses of dieldrin-white hetero- 
zygous Ер female with white-eye male are presented in Table I. These results 
indicate that D1 shows an independent assortment with white eye with 
recombination £? 1.20 (Р = 0.70 — 0.80), 1200 (P < 0.01), 187 @ = 0.50— 
0:70) and 2.89 (P = 0.30 — 0.50) for cross No. A, B. C, and D, respectively. 
The recombination £? value is evidently high in cross B bul previous 
observation of complete linkage in C triteeniorkychus female lends support 
to a possible hypothesis of independent assortment between D] and wt 
Whiteeye is а sexlinked gene located 5.05 + 0.17 map units away from the 
sex locus. Dt is not а sexdinked gene, and hence, must be located on some 
autosome. 


The pooled segregation data between DI and Rs В presented in Table 
H. The backcrosses with double heterozygous, dieldrinred spotted, F} female 
show a complete absence of DI-Rs recombinants (cross No. A & B). In cross 
C, however, a singe Di-Re recombinant appeared. This D1-Rs male might be 
spurious but even for a recombinant, the percent recombination is low, Since 
the Rs is 2 conditionally codominant mutant mapped on Linkage group H^ it 
is inferred that D1 locus might likewise be located on linkage group П. 


The segregation data оп the double heterozygous Fy dieldrinred 
spotted male with D1 and Rs both in coupling and repulsive phase show the 
appearance of recombinant type 01-85 individuals (cross No. D,E,F,G.). The 
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secombination L? is high in these crosses suggesting the presence of linkage 
between two genes. The estimation of linkage between Di and Rs by the 
method of maximum likelihood gave the recombination percentage value, 
ranging from 23.9% to 29.2% in different crosses (ie. cross D, 23.9; cross E, 
29.2: ctoss F, 25,7; cross G, 27.1) The combined recombination value for the 
Tour crosses is calculated to be 26.46 + 1.26%. 


‘The percentage of larval batching and development to adults was within. 
normal limits in all the crosses. 


DISCUSSION 


The results of various experimental crosses indicate that dieldrin- 
resistance in C. tritrewiorhynehws is controlled by а single autosomal 
incompletely dominant mutation, which conforms with Mendelian segrega- 
tion, The recombination data indicate that the dieldrin locus is located jn the 
linkage group IL 26.46 + 1.26 map units away from Rs locus. However, more 
linkage duta aro needed for D] to determine its linkage relationship with 
other known loci of linkage И ie, ebony and alkaline phosphate-Fast.6.7 
However, experiments with radiationinduced cytological markers have 
suggested that Rs might be located on the extreme tip of the short arm (2L) 
of the subsmetacentric chromosome 1.6 Altogether these data suggest that 
DI might be located between Rs and alkaline phosphate-Fast loci. The 
yonotics of dieldrin-esistance has been studied in two other species of 
mosquito, Aedes aegypti? and Anopheles quadrimaculatus! Dieldrin- 
resistance in both species is inherited as an autosomal incompletely dominant 
mutant. It is interesting to note that in all the species of mosquito in which 
genetics of dioktrinuesistance has been investigated, including that of С. 
tritaeniurhynchus, Di has been assigned to linkage group Il. 


"The presence of complete Jinkope in heterozygous С. tritaeniorhynchus 
female is also repeated between DI and Rs in conformity with the findings of 
Baker and Rabbbannis, Bakoe and Sakal and others, This В a unique 
biological phenomenon. Two other species of mosquito Culex pipiens®.10 
and Aedes aegypti in which adequate linkage data are available, show 
recombination in both sexes, with some reported variations. The absence of 
crossing-over has been reported by Gowen and Gowen!? in male Drosophila, 
melanogaster. Complete linkage is known to occur in male Drosophila and 
female silkworm. However, male drosophila and female silkworm are both 
heterogametic as compared lo the homogumetic female C. trtanniorbyn- 
chus 

Tt appears that C entzentiorlynchs is sensitive to a much smaller dose 
of dieldrin. in C. sitaeniorhynchus 0.125 PPM dieldrin can differentiate 
between three genotypes, while in Anopheles quadrimacttons 2.5 PPM is 
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required for such a separation. Our observation suggests that in this species 
of mosquito, a minimal dose of 005 PPM can kil all sensitive and 
heterozygous resistant larvae. The application of minimal doses in nature will 
lessen pollution problems as well as damage to non-target species. Biologists 
realize that ло one vector control method is completely effective per se. This 
presages the need for developing an integrated control involving physical, 
chemical, biological and genetic approaches. This is where а known minimum 
effective dose of dieldrin can be optionally useful. 


SUMMARY 


‘The methods for the isolation and selection of dieldrin-resistant gene are 
described. Preliminary data on tbe inheritance of dieldrin gene in Cidet 
Fritaeniorhynchus show that it is an incompletely dominant mutation, located 
оп linkage group П, with a distance of 26.46 + 1.26 map units from the 
red-spotted locus. The dose of dicidrin which can differentiate between three 
Fa genotypes as well as the minimum lethal dose has been determined io this 
mosquito species. 
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Table 1. Pooled segragation data between díeldrinzetistence (D1) and white eye (W) in the 
double heterozygous F Culex rritaeniorkynchus female, The parental genotypes are so 
writen that the numerator represents the gene received from the female parent, while the 
denominator is that rocked from the mate parent 


Adult Phenotype 12 
Proposed 
Gos! mum | Dein саса 
Genotype Зна Г Nomar | БЕРП) © 
LE а [| а 
a мә (зв (заав | دده | مدد | مد‎ 
| 
| 
в ve | مه | کد‎ | ss ав [ano | 132 
с | в m | foe] so | | i 2m 
tay Wt 
D | px? oe n as] eom | 2s | oos 


10824 Mian: Genetics of Dieldrin Resistance 21 


Table IL Аеш! of various crosses involving diedrinresitonce (DI) and Red-spotied eye 
(85) in Culex riataentorkynchut. 
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Fig. 1. Time cumulative mortality line of F larval population in Culex 
tritaeniorkynchas, following its exposure to 0.125 PPM dieldrin plotted on 
Tog scale 


HISTOLOGICAL AND HISTOCHEMICAL STUDIES OF THE SPARGANUM 
ОЕ SPIROMETRA RANARUM (MEGGITT, 1925) 
IN RANA CANCRIVORA GRAVENHORST, 18296 


АММАТ ROJANAPAIBUL. 
Unversity of the Philippines. 
Quezon City 


Quezon Ciy 
ABSTRACT 


The histological structure and organization of the sparganum of spiromerre 
ranarum are presented, The cuticle consists of three elements: the cuticular hair, 
homogeneous layer and basement membrane, Immediately beneath is the subte 
gumentary musculature (peristaltic layer) arranged into an outer circular and inner 
longitudinal layers; transverse muscle fibers are distributed through the loosely packed 
parenchyma. The spongy parenchyma, with large cells and compact nuclei, fil up Ш 
spaces not occupied by the fibromuscular bundles, thick-walled excretory ducts, minute 
flame cells and nervous tissues. GlandAike vacuolated cells are distributed in the entire 
length of the spargamum; laminated calcareous corpuscles are found throughout the 
spargenum except one cm from the anterior and st the invaginated zegion. The nerve 
‘bundles are noted near excretory ducts, 


Histochemical tests showed: (1) greatest concentration of glycogen in the muscle 
layers and parenchyma cells less in the other subtegumentary cells, and very sightly 
positive in the peripheral layer of the calcareous corpuscles in all regions; (2) the 
tegument and the calcareous corpuscles reacted very strongly to Fischler's method for 
fany acids, and less in the muscle layers in the same structures at the anterior portion 
and the posterior regions; (3) with the alkaline phosphatase test! (Gomori, 1952, 1956) 
the calcareous corpuscles reacted very strongly, but slightly positive in the cuticle and 
the middle portion. The muscle layers at the middle and posterior regions had more acid 
phosphatases, less in the tegument at the middle region, and almost n3 at the anterior 
region; (4) more concentration of acid mucopolysacharides in the parenchyma and less 

im the circular and longitudinal muscle layers at the anterior region; (5) the medullary 
parenchyma of the proliferative and growing areas of the anterior region reacted very 
strongly to the RNA (Methyl-green-pyronin) test, lest in the same structure at the middle 
region and longitudinal muscle layer in all regions; the sight reaction of the circular 
muscle layer in all regions including ihe medullary parenchyma at the posterior region 
indicate les proliferave activities. 


"Submitted in partial fulfilment for the degree of M.S. Zoology, University of the 
Philippines under the direction of Dr. Carmen C. Velasquez, Professor of Zoology, 
University of the Philippines, Diliman, Quezon City. 
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INTRODUCTION 

Bonne? in the Netherlands East Indies (Malayan Archipelago, Malaya, 
Java and De Hartogh) experimentally infected mice, monkeys and frogs by 
feeding them with procercoid infected with Cyclops sp. and spargana from 
frogs and tadpoles. Furthermore, spargana, he obtained from man and 
monkey developed onto Spironzetra ranarum when fed to cats. 


Spirometra ranarum (Meggitt, 1925) has received very litle attention in 
this country. 


{In the Philippines, Africa? experimeritilly infected Cyclops (Eucyclops) 
serrulatus Fisher and Cyclops (Micro-cyclops) bicolor G.O. Sars with coracidia 
of Diphyllobothrium mansoni (Cobbold, 1882). Tubangui described Diphyl- 
dobothrium. mansoni obtained from dogs and cats, Tubangui's? checklist 
include Rana vittigera Wiegman, 1835 and probably other species of frogs as 
second intermediate hosts, of the above named species. The locality records 
indicate Manila, Los Baños, Laguna, Luzon Island, and in the Visayan Islands 
in Palo, Leyte, Yutuc$ described the life cycle of Diphyllobothrium erinacct 
(Rudolphi, 1815) using eggs obtained from feces of infected dogs and cats 
from neighboring areas in Quezon City, Luzon Island, Philippines. The inci- 
dence of sparganosis as reported by Yutuc$ in the frogs obtained from Pan- 
асап, Manila, Pasig, Rizal, Laguna, Lubao and San Fernando in Pampanga 
and Labrador, Pangasinan was 12.1%, Laguna showed the highest degree of 
infection, being 15 positive out of 24 frogs he examined. 


Unfortunately, however, there is no available record of the incidence of 
the sparganum of Spirometra ranarum in frogs in this country, this being the 
first report on the species in the Philippines. 


Despite the medical and veterinary importance of sparganosis, no 
further investigation has been done in this county much less on the 
Physiology of any pseudophyllidean sparganum. 


УК? recognized the necessity of exploring the different areas in 
pseudophyllidean cestode host-parasite relationship. Recent investigations 
suggest that, although the spargana of the oriental form, Spirometra ranarum 
is generally regarded as morphologically similar to that of the American form 
Spirometra mansonoides, closer study reveal important physiological and 
behavioral differences. 


Spangana from Rane cancrivora from Kuala Lumpur, Malaysia sent to 
Mueller in 1964 by Dr. Klaus Rehde? were identified as spirometra ranarum. 
after propagation for a year. He observed that the sparganum of the oriental 
form... 

=... moves in а characteristic way; the scolex sets up peristaltic waves 

in rapid succession, so that the anterior end often appears saggitate or 
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molinifocm; Spiromema mansonoides, on the other hand, produces 
longer, slower waves, and the first tends to fade out before the second 
begins." 


“. . . tight encapsulation into yellowish cysts at the end of six or eight 
months,” 


Furthermore, he attributed to the steady increase in growth rate measured by 
the length of the sparganum of Spiromeerz ranarum for four months and to 
the greater antigenic property of Spiromerra ranarum arousing a greater 
response on the part of the mouse. [a contrast, Spirometra mansonoides 
continued to increase in length though variable for ninety-nine weeks. Very 
recently Mueller? wied to compare the growth promoting effect of 
Spirometra mansonoides vs: З oriental forms one from Australia, Malaya and 
Taiwan. They seem to have 


<... elusive qualitative differences,” closely resembling each other but 
differ from Spiomema mansonoides in the character of the uterus. 
Preliminary investigation yielded inconsistencies between his 1970 results and 
the original experiments in 1966, using the Malay form. Unfortunately, lack 
of materials impeded the progress of his work. The above physiological and 
behavioral differences may be further elucidated by using certain histo- 
chemical techniques. 


Though certainly а different species from Spiromerra mansonoides as 
Mueller? has said: 


“.. its exact nomenclature status,” is uncertain. Vik and Anderson!® 
suggest the importance of the larval form in the classification of some 
pseudophyllideans. - 


From the available literature (von Brand, 1966), it is evident that very 
few histochemical studies on glycogen distribution has been done on cestodes 
and less on pseudophyllidean cestodes, much less on the plerocercoid. No 
tests have been done either lipid or fatty acids contents of Spirometra 
ranarum. 


Fairbaim (1960) (von Brand, 1966} pointed out that destruction due to 
penetration or migration may lend to the production of substances 
potentially useful to parasite nutrition, He maintained that penetration 
necessarily involves enzymatic activities from parasites. A tissue penetrating 
enzyme of protozoa and parasitic helminths has been called hyaluronidase. 
No data is availble for any pseudophyllidean plerocercoid, а tissue 
penetrating form. 
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Proteins are concemed with the process of muscle contraction, 
supporting and protective function, enzyme action, production of antibodies 
and toxins. Protein content and frectionations have been calculated in many 
cestodes but none is available for 5рёотета. The distribution of such 
proteolytic enzymes in the sparganum, a tissue penetrating phase in the life 
cycle of Spirometra ranarum needs study. 


Very recently, numerous publications on histochemical studies have 
been done, but mostly on adults and comparatively very little on the larvae. 
No studies on the antero-posterior gradient of RNA synthesis are available for 
S ranarum, 


This investigation aims to demonstrate, in the sparganum of Spirometra 
ranarum the presence and distribution of glycogen, fatty, acids, sibonucleic. 
acids, acid mucopolysaccharides, acid and alkaline phosphatases by certain 
histochemical techniques, 


MATERIALS AND METHODS 


At intervals from August, 1969, for a period of one уем, Rana 
cancrivora from rice paddies in Los Baños, Laguna and Malabon, Rizal were 
collected and dissected for pletocercolds, 


Spargana or plerocercoids were usually found in the muscles of the leg 
and rarely in the abdominal and pectoral muscles. The Spárgan were temoved 
from the muscles by fine. forceps and placed directly in the various fixatives. 
The spargana recovered from Rana cancrivora that of Spirometra ranarum is 
behaviorally and morphologically different. The scolex of the sparganum of 
Spirometra ranarum (Fig. 1) is spatulate with wrinkled anterior end and very 
active, setting up peristaltic waves in rapid succession as those described by 
‘Mueller, To get the adults for зресйс identity, spargana were fed to cats and. 
found to be that od Spirometra ranarum. The spatulate scolex or ""holdfast!" 
organ is 0,68 mm long, and 0.85 mm maximum width in my mounted 
specimen. (Fig. 2). The relaxed strobila is 49 mm long. Some gravid 
Proglottids are longer than brond (Fig. 3), others am square (Fig. 4) 
depending upon fixation procedures. There are three or four outer uterine 
coils, the pasterior, broader and more dilated than the terminal. The rosette 
inner coils are distinct; ovary dendritic; testis and vitellaria in bands on lateral 
margins of the worm, fused or unfused at the antior median line. Male genital. 
aperture is anterior to the female vaginal aperture. 


Histological sections were prepared from spargana fixed in Bouin's 
fluid. The paraffin method was used and sections were cut at 7 microns, 
Subsequently stained in Delafield's hematoxylin, counterstained with eosin 
апі Mallory’s tripie stain. 
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Tests for glycogen, fatty acids, acid and alkaline phosphatases, acid 
mucopolysaccharides and ribonucleic acid were done. 


Test for Glycogen 


Spargana were fixed in Gendre's fluid at -73°C (dry carbon dioxide) 
prior to the Periodic Acid Schiff (PAS) and Best's carmine tests. Spargana of 
about 5 to 9 cm long were cut from anterior to the posterior end at intervals 
of one cm. Experimental and control sections were 8 microns thick. Saliva 
was used for the diastase-controi sections maintained between 30° to 34°C 
for one hour before the tests, 


Test for Fatty Acids 


Modified Fischler’s method was used with 10% formalin-fixed spargana. 
Frozen sections were cut at 20 microns. Control sections were previously 
extracted for 24 hours with 3 changes of alcohol/ether (equal parts) before 
staining. 


Test for Acid and Alkaline Phosphstases 


‘The lead nitrate method for acid phosphatase (after Gomori, 1950) was 
used, The spargana were fixed in cold acetone (about 4°C), NaF at 0.01M 
concentration was used for the control sections. 


For alkaline phosphatases, the modified Gomori method (after Prede- 
ricsson, 1952, 1956) was used. The spargana were fixed for 12 hours 90% 
ethyl alcohol at about 22°C and post fixed in 90% ethyl alcohol at the same 
temperature for another 12 hours. Control sections were treated with KCN at 
0.009M concentration, pH 8-9. 


Test for Acid Mucupolysaccharides 


Lillis’s (4954) (Pearse, 1960) alcohol lead nitrate fixative was used. 
Spargana were kept in the fixative for 24 hours at room temperature between 
26.6" to 33°C. The modified Alcian blue method for acid mucopolysaccha- 
rides (after Steedman, 1950} was used. Control sections were treated 
overnight with FeCl at 0.05% before the experiment procedures were done. 


Test for Ribonucieic Acid 


‘The methyl-green pyronin method for RNA (Brachet, 1942) (Pearse, 
1960) was used for AAF (after Lilie, 1949) (Pearse, 1960) fixed spargana. 
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The control sections were immersed in 0.15 M NaCI solution for 5 hours at 
37°C. before the test. 


Ла all tests 2 trials were done. 
RESULTS AND OBSERVATIONS 
Histology 


The histological structure and organization of the sparganum of 
PSpirometra ranarum resembles the general pattem of Ligula sp. as interpreted 
by Blochmann (1835) and Spirotrema mansonoides\! Mueller, 1935. 


In my sections stained in Delafield's hematoxylin and counterstained 
with eosin and in Mallory's triple stain, the tegument (Figs. 12 and 14) vary 
in thickness from $ to 7 microns at different regions antero posteriorly. The 
tegument stained blue in Delafcld's hematoxylin and lighter blue in Mallory's 
tiple. Doubling of the tegumentary layer (Fig. 14) is found in and 
immediately posterior to the invaginated region which in whole spargana 
appear as an elongated funnelsike structure. The three elements of the 
tegument are the (1) “cuticular hairs” (Figs. 11 & 13), 2 to 3 microns long 
depending upon the fixative and staining procedures; (2) the homogeneous 
layer of about 2 microns thick (Fig. 11), and (3) basement membrane of 
about 2 to 3 microns (thick (Fig. 11). Just below the basement membrane is 
the subtegumentary (peristaltic layer) 5 to 6 microns thick consisting of an 
outer tegumentary and inner longitudinal layers (Figs. 11, 12 & 13); both 
muscle layers are well developed axially from anterior to posterior end. The 
‘transverse muscle fibers (Fig. 8) are scattered randomly through the loosely 
packed parenchyma. Scattered in the parenchyma are large cells, 15 to 23.3 
microns, with prominent, compact nuclei, 2.5 to $ microns. They are slightly 
round or ellipsoid (Fig. 6), and stained blue in both Delafield’s hematoxylin 
and Mallory's triple stain. In addition, fibre-muscular bundles are well 
distributed and at times arranged perpendicular to one another along the axis 
of the worm (Fig. 9). Also seen, are excretory ducts of varying sizes with 
thickened walls, 3.3 to 6.7 microm. (Fig. 9). These ducts and minute flame 
cells 3.3 to $ microns long, (Fig. 9), are believed to have osmoregulatory 
functions. The vessels were observed in alive specimens of Spirometra 
mansonoides by Mueller. In sections stained in both Delafietd’s hematoxylin 
and Mallory's triple stain, numerous large, round or elliptical gland-like 
vacuolated cells 16.7 to 25 microns, are found in the entire length of the 
sparganum (Figs. 8 & 11). 


216.10 shows the concentric laminated layers of the calcareous 
corpuscles, 16.3 to 25 microns in diameter and stained blue with Delafield’s 
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hematoxylin and Maliory’s triple. Numerous calcareous corpuscles are 
distributed throughout the sparganum except at one cm from the anterior 
‘end at the invaginated region. 


The nervous system is seen as bundles of nerve fibers near excretory 
ducts (Fig. 9) These structures are comparable to those described by 
Mueller! for Spirometra mansonoides. However, since the structure of the 
nervous system of plerocercoids are relatively unknown, а special technique 
and study is recommended. 


HISTOCHEMICAL STUDIES 


Distribution of Glycogen 


The results of the Best's carmine method and Periodic Acid Schiff 
(PAS) tests for glycogen are in Table 1. All the microphotographs are from. 
Acid Schiff (Figs. 15, 16 and 17) tests. 


In the (PAS) test, the presence of glycogen with varying color 
intensities from red to pink was used as criteria for the presence of glycogen. 


Very strongly positive for glycogen are the circular, longitudinal and 
transverse muscle layers and the parechyma celis not only in the scolex but 
through the entire length of the sparganum. Strongly positive but of lesser 
intensity are the tegument and other subtegumentary cells. Slightly positive 
for glycogen is the concentric peripheral layer of the calcareous corpuscles. 
The color was not completely removed from the medullary parenchyma of 
the control sections. 


Distribution of Fatty Acids 


The fatty acids were determined by Fischier’s method (Pearse, 1960) 
any structure staining black or blue was interpreted as fatty acids. The results 
эге indicated in Table 1. 


The tegument at the anterior region (Fig. 18) stained blue (positive), 
dark blue (strongly positive) to almost black (very strongly positive) at the 
middle and posterior regions of the sparganum (Figs. 19 & 20) respectively. 
The color in all cases is diffused, giving the same reactions for the circular, 
longitudinal and transverse muscle fibers. t is slighty positive in the 
parenchyma immediately adjacent to the subcuticular part at the middle and 
posterior regions. The network of vessels stained bine (Figs. 19 & 20). 
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Distribution of Acid and Alkaline Phosphatases 


The results are shown in Tabie iL. The presence or absence of acid 
phosphatases are based om the various deposit of lead sulphide and cobalt 
sulphide for alkaline phosphatases аз indicated by varying staining intensities 
of black, 


The tegument of the middle portion and the muscle layers of the 
middle and posterior regions of the sparganum are strongly positive for acid 
phosphatase at pH 5 to 6. But the tegumentary elements of the anterior 
segion reacted slightly (Figs. 21, 22 and 23). 


Very strongly positive for alkaline phosphatases are the calcareous 
corpuscles at the middle and posterior regions and slightly positive at the 
cuticular and subcuticular elements excluding the muscular layers (Figs. 24, 
25 and 26). 


Distribution of Acid Mucopolysaccharides 


The results are shown in Table П. The parenchyma of the anterior 
region reacted very strongly to the Alcian bive test, but the longitudinal and 
transverse muscle layers gave slightly positive reaction (Figs. 27 & 28). 


Distribution of Ribonucleic Acid (ЕМА) 


The varying intensities from red to pink in the methyl-green-pyronin 
method (Brachet, 1942) (Pearse, 1960) were used as criteria for the presence 
of RNA. The results are shown in Table Ш, 


The parenchyma cells of the scolex reacted very strongly to the test 
Fig. 29). Lesser staining intensity was noted in the parenchyma cells at the 
middle region of the spargenum and longitudinal muscle layer of the entire 
worm (Figs. 30 & 31). The circular muscle layer of the entire worm, and 
parenchymal cells at the posterior partion were slightly positive (Figs. 29, 30, 
31, 32 & 33). 


Histology 


Because of the lack of a mouth and an alimentary canal, the body 
surface of the cestodes have aroused the interest of many workers. The 
fonction of the epidermis has taken a new significance and therefore the 
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elucidation of its structure and composition must of necessity lead us to the 
proper understanding of cestode physiology both in the larva and adult. 


This investigation elucidates on the structure and composition of the 
spargenum of Spiomerra ranarum within the limitations of available 
facilites. 


Under the light microscope, the microvilli have not been observed in 
the sprganum of Spirometra rorum. Studies on its ultrastructure if and 
when the facilities are available may eventually confirm the findings of 
others. 


The thin tegumentary layer of the sparganom offer greater possibility 
dor increased absorption capacity in the uptake of mutritive materials from 
the surroundings. 


‘The well developed circular and longitudinal muscle layers from the 
anterior to the posterior may enhance the penetrating capacity of the worm 
through the intestinal wall of unsuitable definitive hosts to their muscles. 
‘These results in their migration to the different regions of the body of 
suitable definitive hosts, 


Mueller’s!1 illustrations showed the presence of excretory ducts in 
histological sections of nomal specimen of the spargenum of Spitomema 
mansonoides. He indicated that the dorsal vessel can be differentiated from 
‘the longtitudinal by the thickness of the surrounding tissues: the network of 
vessels were well defined as seen in his illustration of a living sparganum of 
Spirametra mansonoides® He suggested that: 


"", ., perhaps the network of vessels in the scolex and elsewhere might 
serve the purpose of distributing the food materials, as well as an 
excretory fonction” 


This view may probably hold true for the spargamum of Spirometra ranarum 
where the concentration of these thick-welled ducts were more in the 
medullary than the cortical region. 


In an attempt to elucidate on the functions of the different regions of 
the sparganum of Spirometra ranarum, histochemical tests have been done. 
Glycogen 


The heavy glycogen deposits as determined by the PAS and Best's 
carmine methods in the muscular layers, and parenchyma of Spirometra 
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ranarum pierocercoid confirm the finding’? of Takahashi (1959) on the 
plerocercoid of Diphyllobethrium mansoni. There seems to be no difference 
in the amount of glycogen at the anterior, middle and posterior regions of the 
worm, glycogen gradient does not occur along the larval strobila. 


The PAS and Best's carmine methods gave a doubtful positive reaction 
for the tegument. In paraffin sections,! Leblond et al. (1957) consider that 
once glycogen has been removed by diastase, only one class of materials gives 
a positive PAS reaction, and are referred to as carbohydrate-protein 
complexes. 


Apparently, in the plerocercoid, this reserve carbohydrate is utilized to. 
maintain the normal bodily functions as in other animals. In Taenia 
taeniseformis and its larva Cysticerous fasciolaris Rudolphi (1808) no quanti- 
tative gradient along the strobila of Trent taeniaformis was observed, but 
that the larger individual progjottid had more calcareous corpuscles than the 
small ones!5, He concluded that mote corpuscles disappear during anaerobic 
than aerobic conditions and subsequently believes that these corpuscles serve 
to buffer acids entering the body of the worm from the outside. In the 
Plerocercoid of Spirometra ranarum being a tissue phase in the life cycle, the 
‘corpuscles may serve to buffer acids entering the body аз was found by von 
Brand (1966) in Taenia taeniaformis. The presence of calcium, magnesium, 
Phosphorus and carbon dioxide in Spirometra mansonoides larva by 
Qualitative isolation on tissues with alkali and subsequent centrifugation has 
added (o our knowledge of calcareous corpuscles in the pseudophylidean 
ctstodes!4. They further showed a smaler variety in the minor components 
of the larva than those isolated from adult worms. They believed that; 


+ + the differences is related to the greater uniformity in the 
surroundings of the larval worms as compared to the intestinal lumen." 


This selective reaction indicates that the animal draws energy from reserve 
carbohydrates in the form of glycogen; some convert this reserve into glucose 
to maintain normal body functions. The saliva-digestible polysaccharides in 
my sections as demonstrated by PAS reaction is predominantly along the 
concentric peripheral layer of the calcareous corpuscles. Histochemical tests 
offer 2 way of investigation for small organisms, but give only a semi- 
quantitative result. 


Fatty Acids 
Von Brand's (1966) hypothesis, that the presence of fatty acids in the 


osmoregulatory vessels in the sparganum of Spirometra ranarum may well be 
waste products from carbohydrate fermentation, although questioned, may 
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elucidate this phenomenon. On the other hand, the positive reaction in the 
tegument of my specimens although not supported by experimental evidence, 
may indicate that fatty acids are obtained by absorption from the 
surroundings. 


Further studies may elucidate on the presence of fatty acids in the 
‘tegument of the sparganum of Spirometra ranarum. 


Acid and Alkaline Phosphatases. 


In the plerocercoid of Spirometra ranarum, the cuticular and sub- 
cuticular layers at the anterior region reacted very weakly to alkaline 
phosphatases test as compared to that of the middle and posterior regions. 
‘The localization of enzymes in the nerve cord is not clear with the modified 
Gomori method (after Fredesicsson, 1952, 1956) (Pearsc, 1960). From the 
results, the active phosphorylation is at the middle and posterior regions of 
the worm. This probably is correlated with the active movement at this region. 
during and when disturbed mechanically. 


‘The lead nitrate method for acid phosphatases! (after Gomori, 1950) 
жаз found to have variable reactions even in the same structure at the same 
region or in different parts of that region. However, the test shows a very 
slightly positive reaction in the tegumentary and subtegumentary layers of 
the anterior region and around the scolex, but more in the middle and 
posterior regions. This variable distribution of the black precipitate is 
explained by Pearse! in that the Gomori method gives only an approximate 
or topographical picture of the distribution of acid phosphatases in the 
tissues. 


Acid Mucopolysaccharides 


The steongly positive region of the parenchyma of the scolex exclusive 
of the nuclei suggests the origin of the acid mucopolysaccharides and their 
active function in the penetration of the parasite through the intestinal wall 
‘of unsuitable definite hosts. Hyaluronidase proper is a mucopolysacchari- 
dase which does not occur in typical form in skin penetrators as in the 
cetcariac of Schistosoma mansoni and larvae of Strongyloides rattilS. 


‘There is no direct histochemical method available at present for the 
hyaluronidase. The Alcian blue method for the acid mucopolysaccharides 
imply the localization of a protease in the structures of the scolex positive for 
such a test. However, the active enzyme may explain its selective capacity to 
penetrate the intestinal wall since the larva localize under the skin, remains 
there until eaten by a suitable host. 
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Ribonudleie Acid 


‘The Brachet (1942) method! for the localization of ribonucleic acid 
(RNA) synthesis in tissues, reflects the high level of this activity in those 
areas. 


The very strong positive reaction of the medullary parenchyma in the 
anterior region especially in the scolex shows this region as proliferative and 
actively growing areas. Decreasing reaction in the longitudinz! muscle layer in 
the anterior and middle regions and almost negligible in the circuler miscle 
layer in all regions indicate that there is an axial gradient and localization of 
RNA with respect to growth and development in the sparganum of 
Spirometra ranarum, 


10 is evident that medullary parenchyma grows more rapidly at the 
region of the scolex and contributes to the organization and development of 
the sparganum. The middle and posterior portions probably aid in the 
nutrition of the anterior region as shown in the tests. 


Biochemical studies may provide quantitative analysis of the growth 
rate in different regions. 


SUMMARY 


1. The detailed histological organization of the sparganum of Spiro- 
metra ranarum is presented. 

2. Similar observations have been made on the histology of Spiromemra 
ranarum as those of Spirometra mansonoides by Musller!1, 


3. The histological structures and organization at the region of the 
scolex is described; the prominent tegumentary folds and rather deep groove 
are results of invagination in this region. 


4. The three elements of the tegument namely, cuticular hairs, 
homogeneous layer and basement membrane were observed in the entire 
length of the sparganum. 


Beneath the tegument is the subtegumentary or peristaltic layer 
‘consisting of an outer circular and an inner longitudinal layers. Transverse 
muscle fibers ace distributed in the parenchyma, with large vacuolated celis 
containing compact nuclei. The fibromuscular bundles, arranged perpin- 
dicular to one another, the thick-walled excretory ducts and minute flame 
celis, and gland-like vacuolated cells were observed in spaces not occupied by 
the parenchyma in the entire length of the sparganum, The laminated 


C 
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calcareous corpusele are distributed throughout the sparganum except one 
em from the anterior end at the invaginated area. The nerve bundles are 
usually seen neat excretory ducts. 


6. The presence of large amounts of glycogen in the muscle layers and 
parenchyma cells of the entire worm were determined by the Best's carmine. 
and PAS tests, and less in the other subtegumentary cells. 


7. The tegument in the middle and posterior portions reacted very 
strongly to the fatty acids test; strongly positive аге the muscle loyers in the 
said regions; lightly positive are the cuticle and muscular layers in the 
anterior region and parenchyma cells in the middle and posterior regions. 


8. Sites of enzyme activities namely: (1) the calcareous corpuscles, 
very strongly positive to alkaline phosphatases test and slightly positive in the 
tegument at the middle portion; (2) the muscle layers at the middle and 
posterior regions, and the tegument at the middle region reacted very strongly 
io the acid phosphatase test (after Gomori, 1950) and slightly in the 
tegument at the anterior region. 


9. Acid mucopolysaccharides are found more in the parenchyma and 
slightly in the circular and longitudinal muscle layers at the anterior region. 


10, The RNA test, although spotty and qualitative indicates an axial 
gradient of growth in active and proliferative areas antero-posteriorly. 
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‘Table I. Reauits of the Histochemical Tests on the Sparganum of Spiromema ranarum from 
the Muscles of Rane Соленое 


Test for glycogen э 
Periodic Acid Bert Fischer's 
‘Schiff РАЯ Carmine method 


ом miè pos ош mi? роя ont тё post 


Tegument eo ae RIS Саз сш 
coticolar hairs eu 4E. Pes Е 
homogeneous layer. Lol 0l 2 2 c5 o- om 
basement membrane SEM Be ate не 
Caleareous 

corpuscles ое € 2o # o o o 
Sobtegamentary layer 

Muscle layer zh om Ede کی‎ gn dm eo um 
стоды pn 
longitudinal f ce e n o мен 
transverse یږ‎ ня me o ote oo پو‎ + 
Parenchyms се жн o Ee + + 
other parenchyma 

odis =» oH o oM ono c - 
legend: 

+ pontes 


c^ strongly postive 
d avery strongly positive 
~= negative 

= peripheral layer 

Л -doubdut 
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Table П. Distribution of Some Enzymes and Acid Mucopolysaccharides in the Sparga- 
num of Spirometra Ranar from the Muscles of Rana Canerivora 


Alkaline phos. 
Phaases fmodi — Ael mucopoly 
Лей Gomori saccharides (after 
after Frederi — Stecdman, 1980) 
mon 1952, 1956) 


Acid Phosphatases 
{After Gomori, 1950) 
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‘Tegument ت‎ 
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corpus 

Sublegumentary layer 
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Tableill. Distribution of Ribonucleic Acid (RN A)in theSparganum cfSpirometro Renae 
from the Muscles of Rena Cencrivora 


 Medrylereen-pyrorin method 


‘Tegument A E E 
cuticolar hairs > E ^ 
homogeneous layer - в 8 
basement membrane - - Е 
Cilcarcous corpuscle E = E 

Subtegomcntary layer 
Muscle layer 
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Parenchyma cellist 
other parenchyma cells 


ЕЙ 
уефа 


legend: 
* positive 
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Gee very strongly positis 
— пере 
+ medullary parenchyma 


242 The Philippine Journal of Science. 1979 


ABBREVIATIONS USED. 


b, pns sss esses sss. basement membrane 
Dessen rere eerrs calcareous corpuscles 
ep DE senes.  COttical parenchyma 
е ss sees excretory duct 

г ее tegumentery fold 
ъ НЕ fibro muscular bundle 


.. genita pore 

male genital pore 

female genital pore 
tegumentary hairs 
homogeneous layer 
tegumentary muscle layer 
longitudinal muscle layer. 
transverse muscle layer 
medullary parenchyma 
nucleus 


ovary 
parenchyma cell 
‘tegument 
terminal chamber 
testis 

uterus 

vitellaria 
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Fig 1 
Fig. 2 
Fig. 3 


Fig. 4 


Fig. 5 


Fig. 6 


Fig. 7 


Fig. 8 


Fig. 9 


Fig. 12 


Fig. 13 
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EXPLANATION OF PLATES. 
мате" 
Photograph showing the scolex of aduit Spirometnz rangrum, 
Part of the strobila of Spiromerra ranarum. 
Gravid proglottid of Spirometra ranarum. 


Sparganum of plerocercoid found in the muscle of the leg of Rana 
conerivora. 


The scolex of searganum of Spirometra ranarum. 


Section through the anterior region of the sparganum showing the 
parenchyma cells with prominent nuclei. 


Section through the middie region of the sparganum showing the 
calcareous corpuscles. 


Section through the middle portion of the sparganum showing 
transverse muscle layer and gland-like vacuolated cells. 


Section through the middie portion of the sparganum showing 
excretory duets, fibro-mascular bundles, flame cells and bundle of 
nerve cells. 


Enlarged portion showing excretory duct at the middle region. 
Section through the middle portion of the sparganum showing the 
cuticular hairs, circular, longitudinal and transverse muscle layers 
and gland-ike vacuolated ceils. 


Section through the middle portion of the sparganum showing the 
‘tegument and circular muscle layer. 


Section through the posterior portion of the sparganum showing the 
cuticular hairs, and gland-like vacuolated сей. 
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Fig. 14 Section through the scolex of the sparganum showing the groove as 


the result of the invagination. 
PLATE 


Fig. IS Section through the scolex of the sparpanum showing glycogen- 
positive areas, 


Fig. 16 Section through the middle of the sparganum showing glycogen- 
Positive areas, 


Fig. 17 Section through the posterior part of the sparpanum showing 
slycogen-positive areas. 


Fig. 18% Section showing fatty acids positive areas of the posterior portion of 
ig. 
the sparganum, 


Fig. 19* Section showing fattyacidsspositive areas of the 
the sparganum. 


е portion of 
Fig. 20° Section showing fatty-acids-positive areas of the Posterior portion 
of the sparganum. 


Fig. 21° Section through the scolex of the spargamum showing sites of acid 
phosphatases activity. 


Fig. 22 section through the middle portion of the of the sparganum showing 
sites of acid phosphatases activity. 


Fig, 23° Section through the posterior region of the sparganum showing sites 
of acid phosphatases activity. 


Fig. 24° Seetion through the scolex of the sparganum showing distribution of 
alkaline phosphatase-positive materials. 


Fig. 25° Section through the middie of the sparganum showing distribution 
of alkaline phosphatase-positive materials, 


Fig. 26° Section through the posterior region of the sparpanum showin; 
sparga 8 
distribution of alkaline phosphatase-positive materials. 


Fig. 274 Section through the scolex of the sparganum showing acid muco- 
polysaccharides-positive areas in parenchyma cells, 


Fig. 289 Enlarged portion of Fig. 26. 
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Fig. 29° Section showing proliferative areas of the sparganum. 


Fig. 30° Section showing RNA-positive areas in the middle portion of the 
spargenum. 


Fig. 31° Section showing RNA-positive areas in the posterior portion of the 
sparganum. 


Fig. 32° Enlarged portion of the subcuticular layer of the sparganum. 
с 


Fig. 33° Enlarged portion of the circuler muscle layer of the sparganum. 


Positive reactions to Fichler's method test for fatty acide are indicated, 
Positive reactions to Сота test for acid phosphatases are indicated. 

Positive reactions to modified Gomori's test for alkaline phosphatases are indicated. 
positive reactions to acid sracopolysaccharides test for hyaluronidase эге indicated, 
Postive reactions to methykgerepyronin test for RNA are indicated 
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Allokainie acid, SI. EA: 

Alkaline phosphatase, 8291. 

Alveopora B. £ 

A. жашщ,в. Сашу сакалы, 154, 

A. Blaine 1830, 8. C glance, 154. 

А Котел. sp, 8, 17. Сурен диете, 209. 
Amebocytes, 65 Cuprlopodium euphoroeladom, 206. 
Amino acid test, 66. Cumpylopos polytichoides De not, 200. 
Anopheles quadrimaculatus, 213,217 — C.inkofexus, 200. 

“ararusig", 43, 45,46. Canada Balsam, 67. 
"ша", 44, 51,52, Caocanayan" 46, 

arangan thick", 46. Comyeriossrnethes, 171.179. 
Aengitroemia orientalis, 200. C. synethes Fischoeden, 169, 172, 
aosohas, 34. сюе, 135. 


Astrocoeaiids Vaughan and Well 1943;2. Caulerpa кшшз, 43, 
Family ASTROCOENIDAE Koby C ramon. 41,43,4547. 


19802. C, 45,48. 
1, Soyloccenils guentheri Сишышп 127, 
(Вэширвти), 2. Cercare, 65,93. 
Family ACROPORIDAE Veril 1902; Chartombgi 41,52 
2з. “chanotchanos", 52. 
1. Montipora conspicua R. 5... — Chloxophycres I2. 
23 Cladophora, 127. 
2. Acropora vanderhosti Салата sinensis, 169. 
Hoffmeistes, 2,4. eas pera a 
Ausualorbis glabratus, 2,4. Coden ap 43. 464. 
Ayungin, 33. НЕА 
conidioghores, 145. 
v Coscinares foliata n. sp., 7, 17; 
"balbalolang", 43, 46, 47, 52. C. Mine Edwards & Haime, 7. 
Banzon, Julian A. see Elias E. Escuela and Cotylophorop-cotylophonim, 170, 172. 
JA. Banzon. Crate iter, 56. 
“beany aver”, 60. Cteridial epithelium, 19, 83: 
Beckman Zesomatic temp. compensated Culex pipiens, 217. 
FH meter, 59 ©. ttaeniomyachos, 213218, 221. 


Best's Carmine test, 65, 68, 76, 7952. C. mitaeniorhynchos Giles, 213; 
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C. tritaeniorhynchus Ravi, 214; 

“ошо, 42,43,46. 

Cunanan, Lourdes F., we ND. Palo, M. 
alo, L. Cunanan and P. Santos 

Cuninghaemella, 137, 144. 

Curimao, Ilocos Norte, 42. 

Cyatebis, 1. 

C Milne Eward & Haime, 11 

С. axillaris (Ellis & Sotanden). 11. 

Cyclops sp. 2%. 

Cyclops (Eucyclops)serrolatus Fisher, 226. 

Cyclops (Micro-cstops), 226. 

Cylioseris incrustans, 5. 

Cyphastrea, 9. 

Сузйсетош fasciolaris 234, 


E 

Delafield & Harris hematoxylin, 62, 71. 
76,16. 

DENDROPHYLHDAE Voughan and Wells, 
2 


Family DENROPHYLHDAE Gray, 2. 
1 Tubinaria disparata ssp, 2. 
2. Т. stellata (атм, 2 

Dicrancioma biBerdies (Brid) Far, 201. 

Dieldrin resistance, 213-223. 

Degenca simplex, 41, 51. 

“dipdipis", 43, 46. 

Diphyllobothrium mansoni, 226, 234; 

D. erinaeci, 226. 

iplodiscuss mebrai, $70, 172. 

Dithizon or MIBK, 28. 

Dixonia thamaiodes, 202. 

DPASY, 27, 30. 

Drosophila, 217, 

D. melanogaster, 217. 


E 


Ectocarpus, 127. 

Echinoparyphium sp., 66. 

Echinoparyphyllia hirsuta г. sp. 17. 

Eduardo, Salcedo L., Egg shell formation 
In Curmyerius synethes (Fischocder, 
1901) and Gastrothylax Crumerifer 
relin, 1847) Digenea: Gastrothy- 
lacie), 165. 


Eim, 3334. 
Enteromorpha, 41, 52. 
Entezomorpha sp, 44, 
Eosin, 67. 


eppendorf pipets, 30. 
Escueta, Etas Е. and Julian A. Banzon, 
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Comparative Acceptability of Soymilks 
produced by Different Processing 
Methods, 55. 

Eucalyptus redunca, 154. 

Е. блема, 154. 

Е consideniana, 154, 

F 
Fasciola hepatica L, 169, 170-172. 
FAVIDA Vaughan & Wells 1943, 2, 9. 
Famly Oculinidae Gray 1847, 2, 8. 
1. Galaxea altan sp. 2. 
2. G.negensis a. sp, 2. 
3. Cyathelia axillaris Ellis and 
Solander, 2 

Family Pectinidae Vaughan and Wells, 
2 
È Echinophylia hirsute n. sp. 2. 
2. Oxypora crassiphioss n. sp. 2. 

Fissidens asplenioides Hedw., 201. 

loribundazia aurea, 304. 

Е sparsa Gliti) Broth, var pilifera (Чор) 
Nog, 204. 

Formalin, 67 68. 

FORFRIDECOM, 155. 

FUNGIDA Duncan 1884;2 5. 

Family Agaricidae Gray, 2.5 
1. Leptoseris incrustans (Quelch}, 
2 


2. Pavona (Pseutocolum nostraea) 
рать л. sp., 2 
Family Sigerastredae Vaughan and 
‘Wells 1943, 2. 
1. Coscimaa folata m зр. 2 
Family Poritidae Gray 1842,2 


1. Abveopora maemise п sp. 2. 


Galaxeinae Vaughan and Wells, 9. 
“вена”, 46. 
"pue", 42, 4446, 51. 
Gardine” Siderastres Maldivensis, 6. 
“garganatis”, 44, 
Gaslrothylax Crumenifer 
Digenea: Gastrothytacidae), 169, 171, 
тз. 
Gastrodiscus secundus, 170, 172. 
“gayone-gavorg”, 43, 
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Сейін acerosa, 145. 
Gelidium sp. 49, 50. 
 Gleorrichia, 127. 
Giobose conidia, 145. 
Glucogen, 65, 67, 79, 82. 
Glycelipids, 5. 
Giypthelmins pennsyhranienss, 95. 
Gomoris' techniques, 65, 97. 
gonophore, 76. 
Gracilaria confervoides, 49, 50. 
G. sp, 48. 
‘granulomatous, 93. 
graphite electrode, 30. 
“gulaman”, 49, 50. 
‘gulaman dagat”, 49. 
“quraman”, 46.49. 


н 


Haematolocchus medioglexas, 170. 

“halohalo”, $0. 

Halymenia sp. 43, 46. 

Hausmanite, 182. 

Helisoma risolsis, 94, 95. 

'helminai”, $1 

elmira", 51. 

Herposiphonia, 127. 

Hershey's cocoa, 62 

hepatis lobules, 65. 

hepatopancreas, 65, 67, 77-79, 83,87, 
91, 94,97, 

Hexscotyle extensicauda, 125. 

homeostasis, 94 

Hsi hsi variety, 56. 

Hyérocarathros, 41 

H. Clathratus, 43, 46,47, 52. 

Н. thats, 47 


1 
Ipilipil, 153-157. 161 


E 


E 

Xainic acid, 51 

Караша, Per A, see Sumera, Veroetue 
and Kapanan: 

Kidney, 78, 79, 81, 85, 89. 


А 


саны, 63,46. 


Index 


23 


Larva trematodes, 66. 
Laven, 153, 157,158 
Lawresca sp, 43,46. 
maed 1дтеса and Gracie, 42 
 Leptoseris incrustans (Quelch), $. 
1L. inerustams Van de Horst 1921, 5 
L мше Edwards а Haime 1849, 5. 
Leucsena fevcosephala (Lam) de Wit, 
152.164. 
Ligula sp., 230. 
Lipoxygenase enzyme, 55, 57, 58, 6042. 
нора кааш tenebrosa, 65. 
men. 76,78. 
"humor, 44,52 
утпас, 92. 
Lymnaea, %4. 
Lyrebya martensina, 127. 
E spp. 127. 
1 confervoides, 127. 


м 

Mallory’s triple stain, 67, 74. 

Manas, Adelina E., Production and Utilize 
оа of Тала from Ipilipil (Lever 
‘ena leo cocephala (Lam) De Wit Barks, 
153. 

Manganese, 181-183. 

Manten-Gaulin homogenizer, 58. 

мены" вра, 169, 

Mercury bromphenol blue test, 65, 68, 
83-87,96,97. 

Meteorielia solute (Миў Okam, 205. 

Мал, Afsar; Genetics cf Dieidrin Resis- 
тэке in Culex tritaeniorhynchus — 
‘APreliminary Report, 213. 

Microcampylogus, 206 


Montipora Blainville 198 10,3. 

M. conspicua m- sp. 17. 

Matom laevinerve Са, 207. 

Moreland, Pamela S, Edible seaweeds 
of Nenhem Luzon, Philippines: 
Market pieces, Local taste preference, 
seaweed recipes, and other local uses, 
41. 

Moses, 199. 

Mucin test 67. 

Mucor, 137, 143. 

Mucor pusitos Lindt, 138. 

M. subtilis sinus, 163. 

Muscatine, 125. 
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Mycelia, 140, 
Myxophycease, 121. 


N 


Nanophytes sabnincola, 66. 

Necroses, 65 

Nemenzo, Francisco, New Species and 
New Records of Stony Corals from 
West Central Philippines, 1. 

Nitric, 28, 29. 


o 


Oautininae Vaughan and Wells 1943, 10. 

Oncomelania (Hupensi) Qoadrasi Davis, 
65,117. 

О. nasophora, 66, 92, 93. 

Sichoristica sp., 172 

Orchispiium heterovitaliatum, 170. 

Oscillatoria bonnemaisonii, 127. 

O. spp. 127. 

Osmic acids, 96 

Osphradium 77, 82, 86, 90. 

ovary, 65, 78, 79, 8S. 

Oxypors ersisphinos а. sp, 12, 17. 

0. Kent 2872; 12 

Oxytrema siliqua, 66, 93. 


т 


Palo, Natividad D., М.А. Palo, LF. Cons- 
‘nan, and P. Santos, SkimeMilk Cosgat- 
бар Activites of Enzymes Produced 
by Phycomycetous Fungi, 137. 

Palo, MA, see ND. Palo, МА. Palo, 
L. Consnan and P. Santos. 

Paladina vivipara, 92. 

“Pompano”, 41, 42, 44. 

Parsmphistorurm ог, 170. 

parrot fishes, 124. 

Pasuquin, 4244 

Favona chus, 1,5. 

P. Cavas (Dana), 5, 17 

P. clavus Wells, $ 

E. Lamarck 1801,5. 

P. Liliaceae, 5 

P. mahdivenss, 5. 

P. @reudocotsmsastraea) bipatita п. sp. 
6,17. 

penis, 15, 77, 79, 81, 85, 89. 

eptonization, 140. 

perchloric acid, 28. 

Periodic Acid Schiff (РАЗ), 68, 71, 78-82 
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pH: 27. 28, 30, 31, 35, 59,67. 

phacophyerae, 121. 

pharyax, 78, 83, 87. 

Phosphatase, 8751 

phosphokinases, 7. 

Русаовь, 124. 

Phycomycetons Fungi, 144, 145. 

Phycomyoete, 138. 

Phyconycetous, 137, 138, 

Руза occidentalis, 94. 

Physopsis, 94. 

Ризо, Conccptica, G. and A.M, Sanchez. 
The Production of Potassium Perma 
aganete from Local Manganese Ores, 
181. 

Plsnktonic organism, 124. 

Phaorbarius corncus Linnaeus, 66. 

Planortis, 94. 

Platyphy pnidiusn vildei Zant, 208. 

"pokpolc", 43, 46. 

polarograph, 28. 

Polysiphonia, 117. 

Poritiday Gray 1942. 8. 

Porphyss, 41, 42, 45 

Psp, 44, 46-48, 

potato dextrose agar, 237, 145. 

prostate gand, 75, 81, 85, 89. 

protein, 55,56, $9, 66, 83-87. 

Pseadlocolamnastracze Yabe and Sugiyama 
1933,6. 

Pülomclane, 182. 

Р. атое, 208 

P. wilêeî, 208 

Pyrolusite, 182. 


к 
“кайды carrier”, 72. 
лабан эм”, 72 
Rana cancrivora, 226, 228, 243. 
R. vittigera Wiegman, 226. 
RNA, 228, 232, 245, 
“Recent Corals of the Marshall Island”, 
Riet disntegrstos, $6. 
E 


Santos, Fatcocinio S., sce W. D. Palo, M. 
Palo, Lourdes Cunanan and P. Santos. 

Sanchez, А. M. see C, С. Pigao, 

мраз, 41. 

Sargasem sp, 44. 
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Schistosoma naematobiom, 66, 94. т 
S.faponicum, 66, 94,97. Я 
S. mansoni, 66, 94, 95, 235. 


‘Schistosomiasis Control Pilot Project, 66. ых apy ae 
Schizothrix, 127. 44,46, 
заета, 1. Temin, 153, 165. 
dabi 3p, 10,17, Tesonomit, 124. 


S. Milne Edwards & Hzime 1950, 10. 
Scleractenian fauna, 1. 


Scinaria sp. 44 Tiger Shrimps, М. 
Sowa Тозо, Pilar A, Histological and Histo- 
Shark, 33 chemical studies of nondafected and 
Stein, 34, infected Oncometania (йорсен) Quad 


rasi Davis with Schistosoma Joponicum 


Siderastrea maldivensis of Gardinen, Katsarađa 1904, 65. 


S, Vaughan and Wells 1943, 7. 


‘Siganids, 124. ТогсШо, 33, 34. 

Sipsus Slams, 125. ranpbiphsrrhtes 92. 

‘Silver method, 67, 79-82. руз чч PE эр..13,17. 

E E 13, 

Зи, F. siluta amare 13, 17. 

soybeans, 55-57. T. stephensoni, 13. 

зола $562. 

Sram, 25. 

Spermalheca, 15, 6,82, 86,90. 

зате дас, 76. 

тегса, 6. 

Spem eel, 79. : 

Sandi mitra, 127. тарга, 75, 76, 82, 86,90. 

“pikes” 32, Tes ver, 37,38. 

Spirometra, 228. ‘yas deferens, 75, 79, 81, 85. 
sites, 2 жаз effczentia, 81, 85, 89. 


S. mansonoides, 226, 227, 230,231, 133. 
$ ramum, 225-228, 230, 233, 243. 
Spirulina major, 127. 


Velasques, Gregorio T, “The Micros 
‘copic Algae im the Hard Coral Com- 


pote 

sporocytes, 65, 77,93, 95, 97. meri 

т" уса. France P, ses Sumera, Корь 

TE e 

pap . 

S. guentheri (= S. armata), 3. M db, 169. 

S Yat and Sugiyama 1935,2- * 

Him 

ш ы: Weng Bindon, 138. 

ша ма 6s, 66, энш, 95. EID 

Suns Meng аберааш (Fe 
: pere 


Sumera, Florentino C, FP. Vercei and DATE 210. 
Paz, A. Kapauan, Тасе Analysis of №. о 
W. philippinensis, 210. 
Lead and Cadmium im Seafoods by OTRO 199 
Differential Pulse Anodic stripping ED 


Voltammetry, 27. x 
‘Suncoclium spathulatum, 169. xy Onuigraphic recorder, 30. 
Syrthopodon trevbij Fleisch, 209. Y 


S. gadneri, 209. 
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z Zoochorella, 127. 
Zanten, BO. van; see В.М del Rosario, Zooplankton, 52. 
Zenker's fixative, 67, 68. Zooxanthellae, 125. 
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